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Art. I.— Geological Notes on Lake Connewarre, near Geelong. 

By ALAN COULSON, M.Sc. 

[Read 10th May, 1934; issued separately, 2nd December, 1935.1 


Introduction. 

Lake Connewarre lies about 5 miles from the mouth of the 
Barwon River, in a tract of marshy land about 16 square miles 
in area. The locality is shown in the inset map A, which also 
shows the drainage basins of the Leigh, Moorabool, and Barwon 
rivers. The details of the lake are shown on the accompanying 
map, and from this it will be noted that, in addition to Lake 
Connewarre proper, there are numerous small lagoons and two 
larger bodies of water, Reedy Lake and Lake Murtnagurt. 
Reedy Lake contains fresh water, hut all the others are brackish 
because tidal salt water reaches as far as the Lower Breakwater. 

Two geological explanations suggest themselves for the origin 
of the lake; first, that local subsidence has occurred; secondly, 
that the basins were developed behind flows of basalt which 
entered the sea. The latter hypothesis was advanced by the 
author in 1933 (1), and further field work appears to confirm 
this view. 

Evidence has been obtained from bores put down in the area 
by the State Rivers and Water Supply Commission. The Geelong 
Harbour Trust, Geelong Waterworks and Sewerage Trust, 
Cheetham Salt Company, Barwon Heads Golf Club, and the 
Mines Department, supplemented by numerous shallow bores put 
down by the author. For this field work, a grant from the 
University of Melbourne was obtained, enabling the author to 
purchase a hand-drill made in five lengths of 10 feet each, and 
fitted with an auger bead. Two men could sink this with ease 
through silt or loose sand, but sandy clay and tenacious marine 
clay could not be penetrated, nor could solid rocks, such as basalt. 
The tool served a useful purpose in locating basalt where it was 
covered by several feet of sediment, and in this way the geological 
features were mapped. The locations of all the bore® are illus¬ 
trated on the map, and the details of each are appended to this 
paper. 

The author appreciates the generosity of the authorities men¬ 
tioned in supplying information and assistance, and also the help 
rendered by Mr. E. R. Churches, of Campbell’s Point, Lake 
Connewarre, and several friends who assisted with the boring. 
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Geology. 

Geological Quarter Sheet 29 N.W., prepared by Daintree in 
1861, includes the Moolap and Connewarre parishes, and shows 
the outline of the lake as it appeared then. Reference to the 
author’s map shows that there has been considerable siltation. 
the width having been reduced by 10 chains on the southern side. 
There has also been a reduction in depth, and the present depth 
of water in the middle of the lake is 4 feet, where formerly it 
was 7 feet. New mud flats and sand bars have appeared, and 
others are forming. 

The geology of the portion now reclaimed, but shown as water 
on the Quarter Sheet, has been mapped by the author, using the 
boring tool to probe through the mud, and so ascertain the nature 
of the bottom. Fossils obtained at Fisherman’s Point and Bald 
Hill enable the rocks there to be classed as Kalimnan (Lower 
Pliocene), whereas the Survey regarded them as “probably 
Miocene.” 

The order of succession of the geological formations is:— 

Recent silt, sand, sandy clay, shell beds. 

Pleistocene to Recent dune sandstone, travertine. 

Newer Basalt. 

Lower Pliocene sands, ironstone. 

Lower Miocene marine clay. 

Lower Miocene Clay. 

A fossiliferous yellow clay, containing Lower Miocene fossils 
(2), outcrops a few feet above water level along the high 
northern and eastern banks of Lake Connewarre from Campbell’s 
Point to Ocean Grove. The clay forms the bed of the lake, and 
slopes gradually to the south, being met with at 35 feet depth on 
Campbell’s Flat in bores No. 59 and ,60. ft is not met at this 
depth in the Reedy Lake, as bores 6 and 7 passed through 51 
feet and 63 feet respectively of Recent silt at the Lower Break¬ 
water. This indicates that either (a) erosion of the Tertiary 
rocks, or (b) local subsidence, has taken place along the tract 
of low-lying land running from Reedy Lake to the Salt Works 
on Stingaree Bay (see inset map B), the eastern portion of Corio 
Bay. There is a relatively high bank on each side of this trough; 
on the west side it consists of the Newer Basalt of Geelong, 
and on the east side there is the Leopold-Fisherman’s Point hill 
capped by Lower Pliocene sands strongly resembling a fault 
escarpment. Probably the valley is due to local down-warping 
or trough-faulting of a narrow strip of land, about 3 miles wide 
and 6 miles long. 

This feature is of importance, because it increases the com¬ 
plexity of the post-Miocene shoreline. Instead of a simple semi¬ 
circular bay between Ocean Grove and Torquay, the inlet at that 
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time was shaped like a funnel, with a channel connecting the sea 
with Stingaree Bay. One cannot be certain at what point the 
ancient Barwon entered this channel; possibly it did not do so 
until after the volcanic activity of Upper Pliocene or Lower 
Pleistocene times. 

Regarding the Lower Miocene clays and limestones which 
extend from Belmont and Waurn Ponds to Torquay, recent 
excavations and the bores for the Geelong Sewer Outfall have 
revealed these rocks further east than the outcrops shown on the 
Quarter Sheet 28 N.E., often with only a thin capping of soil. 
Thus in section 1, allotments 15, 22, and 29, Parish of Conne¬ 
warre, limestone and marl were encountered at depths down to 
20 feet ; in J. Armstrong’s pre-emptive right, Parish of Puebla, 
where Armstrong’s Creek crosses the Torquay-Geelong road, 
there is a marl-pit in Lower Miocene rock; and in allotment 24c, 
Parish of Puebla, about half a mile east of the Torquay road 
there is a marl-pit on Thompson’s Creek, south bank, in which 
such forms as Glycimeris gunyoungensis Chap. & Sing., Septifer 
fenestratus Tate, Cucullea corioensis McCoy. Turritella murray- 
ana Tate, and Scaphander tenuis Harris can be found. 

Thus it appears that the Miocene rocks are continuous under¬ 
ground throughout the area, and at a slight depth, except in the 
valley running north from Reedy Lake, where there was local 
erosion or subsidence. No general subsidence has occurred in the 
area since the post-Lower Pliocene uplift, and this fact is of 
importance in considering the origin of the lake basins. 

Lower Pliocene Sands, Ironstone. 

The Lower Pliocene rocks, which consist essentially of sand 
and grit partly cemented by iron oxides, immediately overlie the 
Lower Miocene clays, and practically surround the northern side 
of Lake Connewarre, attaining a thickness of 80 to 100 feet. 
They are barren of fossils except at Fisherman’s Point, where, 
on the eastern projection near water level, the author located a 
band of calcareous grit which yielded shells indentified by Miss 
Irene Crespin, B.A., as follow :—Chlamys antiaustralis, C. 
sturtiana, Liopyrga quadricingulata, Nucula obliqu-a, and Ostrea 
sp., the assemblage having a Kalimnan (Lower Pliocene) aspect. 

The comparative absence of fossils in this formation may be 
due to the coarse nature of the sediments, which are of shallow 
water origin, and to subsequent leaching. False bedding and 
irregular induration are characteristic. 

Newer Basalt. 

Mount Duneed, a hill 340 feet high, situated about 5 miles 
w r est of the lake, was the centre of extrusion of the olivine 
andesine basalt, which flowed towards the east and south. 
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In the scoria pits on the summit of Mount Duneecl, one can 
see embedded in the scoria numerous ejected blocks of limestone 
containing Lower Miocene fossils, and occasional masses of 
ferruginous sandstone, identical with those of Lower Pliocene 
age in the Connewarre district. The volcanic activity took place, 
on this evidence, in post-Lower Pliocene times. Along the coast 
from Barwon Heads to Bream Creek, the basalt is overlain by 
bedded dune sandstones of Pleistocene to sub-Recent age. The 
basalt may therefore be of any age from Upper Pliocene to sub- 
Recent. 

A broad sheet of basalt extends eastwards from Mount Duneed 
to Lake Connewarre, where it divides into several tongues, as 
shown on the map (Fig. 1). The westerly tongue stretches 
from Tait's Point to Fisherman's Point, and has been breached 
by the Barwon to a depth of 35 feet below lake level. Another 
tongue, about 150 yards wide, extends from near Bald Hill, across 
the lake mouth at Sheoak Point, to the I’elican Rocks on the 
other side, a distance of 3 miles. At the lake mouth it is 15 feet 
below the surface of the water. The third and larger tongue 
extends eastwards along the southern coast to the Bluff at 
Barwon Heads, but is obscured in places by the overlying dune 
sandstone. At low tide it can be seen on the beach at the Bluff, 
at Black Rocks Sewer Outfall, and at a point half way between. 
The Ant Spit and Chariemont Reef, just off the coast between 
the Bluff and Black Rocks, possibly represent portions of this 
flow. Near the Sheepwash, on the south bank of the channel 
between Lake Connewarre and Barwon Heads, there is basalt at 
10 feet depth and about 100 yards wide (Bore No. 124). This 
does not appear to stretch across the channel, and is probably a 
northerly extension of the basalt of the Bluff. Probably basalt 
underlies all the higher land around Barwon Heads, and its 
eroded surface is covex-ed with the dune sands and travertine of 
Pleistocene to Recent age. 

No evidence is available as to what kind of rock underlies the 
basalt. Bore No. 138, near Bald Hill, passed through 64 feet of 
basalt without bottoming. Probably in the Connewarre area, as 
elsewhere in the Geelong district, the basalt rests on Lower Plio¬ 
cene sands, which in turn overlie Lower Miocene marine rocks. 
In places, however, particularly under the tongues, it is probable 
that the Lower Pliocene is absent owing to erosion. 

Pleistocene to Recent Dune Sandstone, Travertine. 

Remnants of the older bedded dune sandstones can be seen at 
intervals along the coast from Black Rocks eastward, but they 
are best exposed at the Bluff, where the seaward face rises 
abruptly to a height of 128 feet. This craggy headland shows 
three distinct angles of stratification, with dips to the north 
at various angles up to 40 deg. Between the beds of sand¬ 
stone are several horizontal bands of a peculiar conglomerate, 
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•consisting of fragments of sandstone of black, grey, brown, and 
cream colours. The bands are only a few inches thick, but under 
each is several feet of travertine. Griffiths (3) stated that pebbles 
of basalt occur in the conglomerates, but the author has been 
unable to confirm this, despite prolonged search, and concludes 
that pebbles of black sandstone were erroneously regarded as 
basalt. Examination showed that all the pebbles in the con¬ 
glomerate are of sandstone, the variation of colour being due to 
the different percentages of carbonaceous matter present. 

It is suggested that the conglomerates were formed by the 
breaking up of the surface soil beds at different stages in the 
growth of the large dune. Atmospheric agents could easily 
accomplish this, and it is not therefore necessary to invoke marine 
action to explain the origin of the Bluff and the formation of its 
conglomerates. 

At the base of the Bluff, the lowest bed of sandy clay includes 
many pebbles of the underlying basalt. Tn dune sandstone at 
Queenscliff (4) there were found Arctoccphalus nnlliamsi McCoy 
and Phascolomys pliocenus McCoy, and at Sorrento (5) Palor- 
chcstes asael, forms considered to be Pleistocene in age. If the 
bedded dunes of Barwon Heads are comparable in age with these, 
they may be regarded as Pleistocene, but the unbedded dunes are 
of later date, probably sub-Recent. 

A crust of travertine forms a few inches under the surface 
wherever the dune sands occur, and is particularly noticeable 
throughout the high land between Barwon Heads and the Great 
Salt Swamp, where it forms an impervious capping for the sub- 
artesian water. 

The Ocean Grove .sand spit has grown in a windward direction 
for about 2 miles towards the protecting Bluff, and constitutes a 
bay-mouth bar in the estuary of the Barwon. 

Recent Silt, Sand, Sandy Clay, Shell Beds. 

In addition to the Recent mollusca previously listed (1), the 
borings yielded certain foraminifera and bryozoa, which Messrs. 
W. J. Parr and L. W. Stach respectively kindly identified as 
follow :— 

Foraminifera.- — Gyruidina glabrata Cush., Bolivinella folium 
P. &. J., Rotalia beccarii Linne. Quinqueloculina costata d'Orb., 
Discorbis margaritifera H. A. & E., D. disparalis, D. australensis 
H. A. & E., D. australis Parr, D. dimitiatus J. & P., D. opcrcu- 
laris d’Orb., D. patclliformis Brady, Elphidiurn macellum, F. & 
M., E. crispum Linne, E. advemnn Cush., Trifarina bradyi Cush... 
Globigerina bitlloides d’Orb., Planulina biconcava J. & P. 

Bryozoa. — Cormiticella cor nut a Busk, Scuticella margaritacea 
Busk, Pterocclla alata W. Tli., Menipea crystallina Gray, Crisia 
acropora Busk, C. tennis MacG., Vittaticetta perforata Busk, V. 
elegans Busk, V. hannafordi MacG., V. umbonata Busk. 
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All the above forms range from Pleistocene to Recent in age. 
and are marine in habitat, some exclusively so. This indicates 
that during siltation, salt water had access to the lake basins. 

An estimate by the author of the total Recent sediment in the 
lake basins and marshes gives the volume as 9,500,000,000 cubic 
feet, and the weight as 250,000,000 tons. Practically all the inor¬ 
ganic material was transported by the Barwon River, and aquatic 
vegetation has become embedded in the silt deposited in the 
quieter portions of the lake. Along the river channel through 
the lake, fine sand is deposited, and this is also abundant near 
the lake mouth. Shell beds 3 or 4 feet in thickness occur in the 
Great Salt Swamp and on the northern bank of Reedy Lake, and 
are invariably underlain by yellow sandy clay. 

The filling of the valley running between Reedy Lake and 
Stingaree Bay was not simply due to fluviatile deposition, as the 
highest part of its bed is at present 11 feet above water level. 
Probably beach ridges were formed by the wave action, in the 
manner Jutson (6) has described at Point Lfenrv, and by a com¬ 
bination of the two processes, the valley was reclaimed from the 
sea. Marine shells and sandy clay are found in excavations along 
the valley. 


Origin of the Lake. 

Shortly after the uplift which closed the Lower Pliocene 
period, the coast between Torquay and Ocean Grove showed a 
large funnel-shaped bay, narrowing to a wide channel at its head 
running north to Corio Bay. The hay was shallow, and its bed 
was composed mainly of Lower Miocene clay, with some 
patches of Lower and possibly Upper Pliocene sediment. 

Then in Upper Pliocene or Pleistocene times, the volcano 
of Mount Duneed became active, and extruded lava east¬ 
wards in a broad flood into the shallow hay. As the lava 
advanced into the water it divided into three tongues, which took 
different directions, the westerly travelling along the Tail’s Point- 
Fisherman’s Point ridge, the central one going north-east to the 
vicinity of the Pelican Rocks, and the larger southern flow travel¬ 
ling from Black Rocks to the Bluff. Xo faulting within the area 
covered by these flows occurred after their extrusion, as is evi¬ 
denced by the fact that the slope of the basalt surface is very 
gradual and uniform towards the lake. 

Lagoons were formed behind these lava barriers, and the 
waters of the Barwon were dammed back for some time. The 
site of the Reedy Lake marshes was probably a large freshwater 
lake, but the lagoons occupying the basins of Lake Connewarre 
and the Great Salt Swamp were partly open to the sea because 
the basalt did not quite reach the eastern shore. 
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After a time, the Barwon cut through the basalt tongue 
between Tait’s Point and Fisherman’s Point to enter Lake Conne¬ 
warre, leaving Bald Hill a hill of circumdenudation as a result 
of its trying several courses. Then the lava barrier at the 
Sheoak Point-Pelican Rocks tongue was cut through, and the 
river continued through the Great Salt Swamp basin to the sea 
between the Bluff and Ocean Grove, probably nearer to the latter 
than at present. 

Siltation of the lake basins began immediately, being greatly 
assisted by the narrowness of the outlets, and also by flooding of 
the river At the same time, sand dunes began to pile up on 
the southern tongue along the coast from Torquay to Barwon 
Heads, and have continued to accumulate and rearrange them¬ 
selves to the present day. At intervals, subaerial denudation 
resulted in the formation of thin beds of conglomerate at the 
Bluff. The seaward face of the dune at the Bluff has suffered 
considerable denudation by marine erosion. 

The channel to the north of Reedy Lake was blocked by 
beach ridges at the Stingaree Bay end (Fig. 1b), and the whole 
of the basin became slowly silted by alluvium from the Barwon. 

Salt water was never long absent from any of the basins 
formed by the basalt flows, therefore the fossil fauna is typically 
marine. 
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Appendix. 

Logs of Bores. 


Bore 

No. 

Depth. 

Authority. 

Particulars. 

1 

ft. 

18 

A.C. 

Recent silt and sand 10', shell 1', clay 7' 

2 

15 

A.C. 

Recent silt and sand 10', shell 1', clay 4' 

3 

18 

A.C. 

Recent silt and sandy clay 18' 

4 

15 

A.C. 

Recent silt 12', sandy clay 3' 

5 

6 

A.C. 

Recent silt o', sandy clay 1' 

6 

51 

G.H.T. . . 

Recent sand and silt 39', shelly sand and clay 6' r 

7 

63 

G.H.T. .. 

sandy clay 6' 

Recent sand and silt 53', shell and sand 10' 

8 

8 

S.R.W.C. .. 

Recent sand and shell 

9-14 

14 

S.R.W.C. .. 

Recent sand and shell 

15 

12 

S.R.W.C. .. 

Recent sand and shell 

16 

8 

S.R.W.C. .. 

Recent sand and shell 

17 

14 

S.R.W.C. .. 

Recent sand and shell 

18 

10 

S.R.W.C. .. 

Recent sand and shell 

19-22 

14 

S.R.W.C. .. 

Recent sand and shell 

23 

14 

S.R.W.C. .. 

Recent silt 

24 

7 

S.R.W.C. .. 

Recent drift sand 

25 

12 

S.R.W.C. 

Recent sandy clay 

26-31 

14 

S.R.W.C. .. 

Recent silt 

32,33 

12 

S.R.W.C. .. 

Recent silt 

34, 35 

14 

S.R.W.C. .. 

Recent silt 

36 

12 

S.R.W.C. .. 

Recent sand and shell 

37 

8 

S.R.W.C. .. 

Recent drift sand 

38 

6 

S.R.W.C. .. 

Recent drift sand 

39 

13 

A.C. 

Recent silt 12', sandy clay 1' 

Recent silt. 1 O', sand 2' 

40 

12 

A.C. 

41 

3 

A.C. 

Recent silt 3', basalt bottom 

42 

33 

A.C. 

Water 2', recent silt 31', basalt bottom 

43 

25 

G.H.T. .. 

Water 3', recent silt 22' 

44 

12 

G.H.T. .. 

Water 2', recent silt 1 O', basalt bottom 

45 

35 

A.C. 

Water 4'. recent silt 31', basalt bottom 

46 

19 

A.C. 

Water 2', recent silt 17', basalt bottom 

47 

17 

A.C. 

Water 1', recent silt 16' 

48 

18 

A.C. 

Water 2', recent, silt 16' 

49 

17 

A.C. 

Water 1', recent silt 16' 

50 

15 

A.C. 

Water 2'. recent silt 13' 

51 

17 

A.C. 

Recent silt 16', sandy clay 1' 

52 

15 

A.C. 

Recent silt 14', saudv clay 1' 

53 

12 

A.C. 

Recent silt 11', sandy clay 1' 

54 

6 

A.C. 

Recent silt 5', sandy clay 1' 

55 

13 

A.C. 

Recent silt 13' 

56 

20 

A.C. 

Recent silt 

57 

27 

A.C. 

Recent silt 

58 

28 

A.C. 

Recent silt 

59-60 

35 

A.C. 

Recent sand 34', Miocene clay 1' 

61 

11 

A.C. 

Water 2', recent silt 9' 

62 

4 

A.C. 

Water 2', Miocene clay 2' 

63 

15 

A.C. 

Water 1', recent silt 14' 

64 

18 

A.C. 

Water 1', recent silt 17' 

65 

22 

A.C. 

Water 2', recent silt 20' 

66 

13 

A.C. 

Water 1', recent silt 12', Miocene clay bottom 

67-68 

21 

A.C. 

Water 1recent silt 20' 

69 

20 

A.C. 

Recent silt 20' 

70 

5 

A.C. 

Recent silt 4', sandy clay 1' 
















71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92- 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106- 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 
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Logs of Bores — continued. 


Depth. 

Authority. 

Particulars. 

ft. 

19 

A.C. 

Water 1', recent silt 18' 

30 

A.C. 

Recent silt and sand 29', Miocene clay 1' 

20 

A.C. 

Recent silt and sand 

25 

A.C. 

Recent silt and sand 

20 

A.C. 

Recent silt and sand 

44 

A.C. 

Recent sand 

19 

A.C. 

Water 2', recent silt 17' 

40 

A.C. 

Recent sand 

10 

A.C. 

Recent silt and sand 10', basalt bottom 

2 

A.C. 

Recent silt 2', basalt bottom 

18 

A.C. 

Recent silt 

15 

A.C. 

Recent silt and sand 

26 

A.C. 

Recent silt and sand 

36 

A.C. 

Recent silt and sand 

23 

A.C. 

Recent silt 

15 

A.C. 

Recent sand 

14 

A.C. 

Recent silt 14', basalt bottom 

24 

A.C. 

Recent silt and sand 

10 

A.C. 

Recent sand 1 (V, basalt bottom 

23 

A.C. 

Recent silt and sand 

5 

A.C. 

Recent silt, shell and ami 5basalt bottom 

10 

A.C. 

Recent silt, shell, sandy clay 

11 

A.C. 

Recent silt, shell, sandy clay 

9 

A.C. 

Recent silt, shell, sandv cay 

7 

A.C. 

Recent silt, shell, sandy clay 

4 

A.C. 

Recent silt 4'. basalt bottom 

7 

A.C. 

Recent silt 2', shell 1', sandy clay 4' 

7 

A.C. 

Recent silt, shell, sandy clay 

6 

A.C. 

Recent silt 

9 

A.C. 

Recent silt, shell, sandy clay 

8 

A.C. 

Recent silt, shell, sandy clay 

10 

A.C. 

Recent silt, shell, sandy clay 

8 

A.C. 

Recent silt 

12 

Well 

Pleistocene dune sands 

10 

A.C. 

Recent silt 4', shell 2', sandy clay 4' 

7 

A.C. 

Recent silt 3', shell 2', sandy clay 2' 

9 

A.C. 

Recent silt, shell, silt 

16 

A.C. 

Recent silt 10', sandy clay 6' 

17 

A.C. 

Recent silt 10', sandy clay 7' 

14 

A.C. 

Recent silt 

15 

A.C. 

Recent silt 

14 

A.C. 

Recent silt 

17 

A.C. 

Recent silt, sandy clay 

6 

A.C. 

Recent silt 5', sandy clay l' 

5 

A.C. 

Recent silt 

10 

A.C. 

Recent silt 9', sandy clay 1' 

17 

A.C. 

Recent silt 

15 

A.C. 

Recent silt 

14 

A.C. 

Recent silt 

12 

A.C. 

Recent sand 

17 

A.C. 

Recent silt 

10 

A.C. 

Recent silt, basalt bottom 

15 

A.C. 

Recent silt 

12 

A.C. 

Recent silt 

10 

A.C. 

Recent silt 

5 

A.C. 

Recent silt 4', sandy clay 1' 
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Logs of Bores— continued. 


Bore 

No. 

Depth. 

Authority. 


ft. 


129 

6 

A.C. 

130 

8 

A.C. 

131 

5 

A.C. 

132 

6 

A.C. 

133 

7 

A.C. 

134 

6 

A.C. 

135 

10 

A.C. 

136 

6 

A.H.G.C. .. 

137 

65 

B.H.G.C. .. 

138 

64 

Private 

139 

3 

A.C. 

140 

6 

A.C. 

141 

10 

A.C. 

142 

3 

A.C. 

143 

5 

A.C. 

144 

15 

G.W.S.T. .. 

145 

14 

G.W.S.T. .. 

146-7 

15 

G.W.S.T. .. 

148 

14 

G.W.S.T. .. 

149 

15 

G.W.S.T. .. 

150 

339 

Mines Dept. 

151 

15 

G.W.S.T. .. 

152 

13 

G.W.S.T. .. 

153 

92 

C.S.Co. .. 

154 

10 

G.W.S.T. .. 

155 

15 

G.W.S.T. .. 

156 

20 

G.W.S.T. .. 

157 

25 

G.W.S.T. .. 

158 

27 

G.W.S.T. .. 

159 

24 

G.W.S.T. .. 

160 

28 

G.W.S.T. .. 


Particulars. 


Recent silt 5', sandy clay 1' 

Recent silt 2', shell 1', sandy clay 1' 

Water 1', recent silt 2', shell 1', sandy clay I' 

Water 1', recent silt 2', shell 1', sandy clay 2' 

Water 1', recent silt 2', shell 2', sandy clay 2' 

Water 1', recent silt 2', shell 2', sandy clay 1' 

Recent silt 9', sandy clay 1' 

Pleistocene to recent dune sands 
Pleistocene to recent dune sands 
Basalt throughout 
Recent clay, basalt bottom 
Recent sand, shell 
Recent black silty clay 
Recent black silty clay 
Recent sand 

Recent sand 3', sandy clay 12' 

Pleist.—Recent clay 
Pleist.—Recent clay 
Pleist.—Recent sandy clay 
Pleist.—Recent sandy clay 

Soil 2', clay, blue and yellow, stiff 23', clay, sandy 
4', sand, fine 3', gravel, coarse 11', clay, sandy 
3', clay, yellow 3', clay, sandy 3', clay, fos- 
siliferous, blue 287' 

Pleist.—Recent sandy clay 
Pleist.—Rocent sandy clay 

Marl with rubbly limestone 30', limestone, hard 
32', rubble 5', limestone, hard 6', hard stone 
(? basalt ) 7', fine clay and sand 7', blue clay with 
fossils 3' 

Pleistocene to recent clay 
Basaltic clay 

Basaltic clay, 20', basalt bottom 
Recent clay, gravel 
Recent sand and clay, basalt bottom 
Recent sand and silt, basalt bottom 
Recent clay and silt 


S.R.W.C. 

G.H.T. 

B. H.G.C. 
G.W.S.T. 

C. S.Co. 
Mines Dept. 
A.C. 


State Rivers and Water Supply Commission. 
Geelong Harbour Trust. 

Barwon Heads Golf Club 

Geelong Waterworks and Sewerage Trust. 

Cheetham Salt Coy., Bore 2, 1918. 

Moolap, No. 1 Bore, 1927. 

Alan Coulson. 
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Three Olivine Basalt-Trachyte Provinces. 

[Proc. Roy. Soc. Victoria, 48 (N.S.), Pt. I., 1935.] 

Art. II.— Three Olivine Basalt-Trachyte Provinces and Some 
Theories of Pctrogenesis. 

By A. B. EDWARDS, Ph.D. 

[Read 11th April, 1935; issued separately, 2nd December. 1935.1 
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Summary. 
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Introduction. 

The object of the following pages is to summarize such theories 
of petrogenesis as afford a reasonable explanation of the evolution 
of the olivine basalt-trachyte association of the Newer Basalt 
Series of Victoria (10, 13, 29, 39), the related Older Basalt Series 
of Victoria, the alkaline lava suite of the Otago Peninsula, New 
Zealand (4, 31), and the lavas of the Kerguelen Archipelago 
(14, 25, 34). The rock types comprising the various provinces 
are tabulated below :— 


— 

Viet 

oria. 

Otago. 

Kerguelen. 

Older. 

Newer. 

Solvsbergite 

+? 

+ 



Soda-rhyolite 

— 

— 

— 

+ 

Trachyte 

+? 

+ 

+ 

+ 

Phonolite 

+ 

+? 

+ 

+ 

Trachyphonolite 

— 

+ 

+ 

+ 

Trachyandesite 

— 

+ 

+? 


Olivine-trachyte 

— 

+ 

+ 

_? 

Traehybasalt 

_? 

+ 

+ 

— ? 

Oligoclase-basalt* 

_? 

+ 

+ 

+ 

Andesine-basalt* 

— 

+ 


+ 

Labradorite-basalt* . . 

+ 

+ 

+ 

+ 

Limburgite . . 

+ 

+ 

+ 

+ 

Olivine-nepbelinite 

+? 

+? 

+ 


Basanite 

— 

— 

+ 

_ 

Oinanite 

+ 



— 


* Olivine-bearing. 


‘. 9260.—2 























14 


A. B. Edwards: 


The lavas of the several provinces are characterized throughout 
by the presence of olivine and of diopsidic pyroxenes, titanaugite 
(at Otago, Kerguelen, and the Victorian Older Basalts), and 
aegirine. No pigeonite has been observed or recorded; and 
tholeiitic rocks appear to be absent. 

A particular feature of the rocks of these provinces is the 
presence of xenocrysts of anorthoclase, and to a less extent, 
aegirine, in practically all the members of the suite, in such a 
state of resorption as to indicate that they have returned from 
conditions of low temperature to conditions of high temperature. 

Environments of the Provinces. 

The two Victorian provinces are typical “ Intra-Pacific ” suites, 
as defined by Washington (45), which have developed in a 
continental region. The Older Basalt Series, which is probably 
Oligocene in age, outcrops as scattered remnants over the high¬ 
lands in the south-eastern, eastern, and north-eastern parts of 
the State, while the Newer Basalt Series, extruded throughout 
the Pleistocene and Recent eras, covers broad areas in south- 
central and south-western Victoria, the younger centres of 
eruption being mostly in the west, and the older centres in the 
eastern areas. 

In view of the dominant development of andesitic lavas in 
continental regions that have undergone an immediately previous 
orogeny, it seems significant that this region was scarcely affected 
by the Mesozoic and Tertiary fold-movements of the Circum- 
Pacific zone. It has not experienced a major orogeny since the 
Devonian period; and the lavas which were extruded in central 
and eastern Victoria at the close of that period were a series of 
andesites, dacites, and rhyolites (12, 20, 23, 39), which were 
accompanied by granodioritic intrusives, and appear to have 
developed from a basaltic magma by its assimilation of great 
quantities of argillaceous and siliceous sediments. The amount 
of sedimentation since the Devonian period has been relatively 
slight, and the magma giving rise to the alkaline suite of lavas 
has had to penetrate the same sediments as those penetrated by 
the andesitic lavas. Emphasis is thus placed upon either the 
diverse compositions of the original magmas from which the two- 
suites were evolved, or upon their different time relations to 
orogenic periods, as the factors affecting their contrasted paths 
of differentiation. The power to assimilate argillaceous sediments 
might be dependent upon the composition of the primary magma, 
or, more probably, proximity to the orogenic period may affect 
the assimilative power of the rising magma owing to pre-heating 
of the sediments during the orogenesis. 

Kerguelen Island is a true oceanic island, situated in the sub- 
Antarctic region of the Indian Ocean, about longitude 70 deg. E. 
and latitude'49 deg. S. Mawson (32) has shown it, with Heard 
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and MacDonald Islands, to be “ minor sub-aerial features of a 
vast submarine rise from the floor of the deep Southern Ocean.” 
This ridge has been traced down into Antarctic latitudes, and is 
suggested to be “ an igneous blister on the deep ocean floor, 
culminating, where marked effusion has taken place, in the several 
island groups.” 

The third province cited, the alkaline suite of the Otago 
Peninsula, South Island, New Zealand, has developed in an area 
associated geographically with the Tertiary fold-movements which 
gave rise to the Southern Alps of New Zealand; hut there was a 
period of quiet deposition of sediments ranging from the Upper 
Cretaceous through to the late Oligocene, followed by slight 
flexing and faulting, and then regional peneplanation, preceding 
the extrusion of the lavas, so that, as in Victoria, the pre-volcanic 
era was a relatively stable one. The Otago area has been 
complicated, however, by post-volcanic folding and dislocation. 

Limestone Desilication. 

The theory that alkaline suites may arise from the desilication 
of basaltic magma through assimilation of calcareous sediments, 
originally presented by Daly (8), and elaborated by Shand (36, 
37), presents many attractive features, but does not provide a 
general solution of the problem of the olivine basalt-trachyte 
association (1, 22, 40) , and it cannot be applied to the provinces 
in question. 

The Tertiary volcanic rocks of Victoria have risen through a 
basement in all probability granitic, with overlying Palaeozoic 
and Mesozoic sediments that are notable for their paucity in 
limestone or other calcareous types, the prominent rocks being 
argillaceous shales and sandstones (11, 26). The marine Tertiary 
beds which locally underlie the basalts, rarely occur within the 
neighbourhood of the alkaline types. They could not have entered 
into the differentiation processes, because they are surface 
deposits, and the. differentiation occurred within a magma 
chamber. If the presence of xenoliths of norite and xenoervsts 
of rhombic pyroxenes are to be accepted as evidence of assimila¬ 
tion (6, 33, 41, 42), they indicate that the type of sediment 
assimilated was argillaceous, and that the effect of such assimila¬ 
tion was to direct the differentiation towards andesitic types 
rather than trachytic, as in the Devonian epoch. Moreover, 
although the Devonian magmas would have been equally exposed 
to assimilation of such calcareous sediments as exist at depth, the 
lavas differentiated from them are practically devoid of alkaline 
types. 

The possibility of the production of trachytic and phonolitic 
lavas through the assimilation of calcareous sediments by basaltic 
magmas has been discussed by all who have written about the 
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Kerguelen lavas, and the weight of opinion is overwhelmingly 
opposed to it (25, 34, 40, 45). The investigations of de La 
Rue (34) and of Mawson (32) have shown the island to be 
almost exclusively igneous in character. The only sediments 
known to occur are beds of lignite, intercalated with the sheets 
of basalt, and blocks of Globigcrina ooze in the volcanic debris. 

I his requires that the differentiation of the lavas was completed 
before the lavas burst through the thin deposit of ooze on the 
sea floor; and the presence of Globigcrina ooze is proof that the 
sea-depths at the commencement of the lava extrusions were too 
great for the formation of coral limestones. Mawson’s researches 
indicate that the Kerguelen seas were warmer in Oligocene times 
than has been supposed (45), hut by the time when coral reefs 
might have formed, the magma chamber would have been com¬ 
pletely armoured against them by previously extruded lavas. 

The Otago area appears, at first sight, to provide an excellent 
example in support of the limestone-assimilation theory, since a 
belt of limestone from 1 to 2 miles wide runs the whole length 
of the western side of the area—a distance of about 12 miles— 
giving way at the northern end to a melilite-basanite. However, 
it is a Tertiary limestone, not greatly older than the lavas, and 
lias a maximum thickness of about 1,000 feet, being underlain by 
a great thickness or metamorphosed mica schist. The alkaline 
magma must therefore have been practically differentiated before 
it came into contact with the limestone, and whatever influence 
the latter exerted upon it, it could not have been sufficient to 
initiate the alkaline types. Benson (4) has shown that the 
differentiation at Otago consists of three repetitive cycles, leading 
to a triplication of the entire suite. The amount of limestone 
requiring to be assimilated for such an evolution was not available. 

Two Basaltic Pai’ent Magmas. 

Kennedy (24) has recently advanced the view that there are 
two types of parent basaltic magma—the olivine-basalt magma 
type, and the tholeiitic magma type. Both of these types satisfy 
him as to their possession of characters essential to a primary 
basaltic magma—uniformity of composition, world-wide 
occurrence, great aggregate bulk, and existence as a liquid. 

The essential minerals of the olivine-basalt magma type are:— 
Olivine, calcic pyroxene (diopside, aegirine-diopside, and 
titanaugite), basic plagioclase, and iron-ores. The tholeiitic 
magma type hears little or no olivine, and its essential minerals 
are lime-poor pyroxene (enstatite-augite and pigeonite), basic 
plagioclase and iron-ores. 

In the olivine-basalt line of descent, the variation is either 
towards a trachytic differentiate, richer in silica than the parent 
basalt, and with the composition of an alkali syenite, phonolitc, 
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or trachyte; or towards a more basic variety, not appreciably 
more, siliceous than the original basalt, and chemically similar 
to a monzonitic soda-shonkinite or theralite. Further differen¬ 
tiation of these basic alkaline types would give rise to typical 
phonolites, 

The tholeiitic line of descent yields late differentiates un¬ 
mistakably calc-alkaline in character—chiefly of granodioritic, 
dacitic or rhyolitic composition, and with a dominance of soda 
over potash, leading in certain cases to pronouncedly trondh- 
jemitic compositions. Kennedy firmly believes that the highly 
alkaline types of rock have been produced, not from an originally 
alkaline magma, nor by any abnormal process of differentiation, 
but by the ordinary differentiation of a normal olivine-basalt. 


The Pyroxene Control in Differentiation. 

Lehmann (27, 28) has developed the thesis that the type of 
pyroxene developed in the original magma controls the nature 
of the subsequent differentation. Kennedy (24) suggests that 
the original chemical composition forms the ultimate control, 
but that the means whereby the end is attained are seen in the 
species of pyroxene that separate out. 

fie considers that different species of pyroxene crystallize 
out from olivine-basalt magma and from tholeiitic magma. From 
the former come basaltic-augite, diopside, titanaugite, aegirine- 
augite, and aegirine; from the latter the lime-poor enstatite- 
augites and pigeonites. This is in opposition to the view of 
Barth (2, 3) and of Fermor (16), who hold that pigeonite is the 
common pyroxene of all basalts. Kennedy asserts that Barth, 
when formulating his hypothesis that crystallization of pyroxenes 
trends from diopsidic to pigeonitic compositions as differentiation 
proceeds, has failed to take into account this controlling ability 
of the original magma; and he points out that, if Barth’s view be 
accepted, the pyroxenes of trachytes should be enstatite-augites, 
instead of aegirine. 

The, data in Barth’s paper on the “ Mineralogy of Pacific 
Lavas”(2), as shown in the table below, provide excellent sup¬ 
port of Kennedy’s thesis. Barth has separated the Hawaiian 
lavas according to Shand’s classification (36), into sub-basalts 
(undersaturated, but not alkaline, which is equivalent to olivine- 
basalt magma), and basalts (saturated types, equivalent to 
tholeiitic magma). The value of 2V for the groundmass 
pyroxenes of the sub-basalts, and pacificites, averages about 
50°-60°, with some exceptions, indicating a generally diopsidic 
character for the pyroxene, while those recorded for the basalts 
range from 0°-60° generally indicating a more pigeonitic type 
of pyroxene. 
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Value of 2V for Groundmass Pyroxenes in Pacific Lavas. 

By Barth. 

(Tabulated from Data by Barth.) 


Sub-basalts. 

Basalts. 

Pacifi cites. 

Basanites. 

58° 

*30°-40° 

58° 

o 

O 

O 

50°-60° 

*22° 

58° 


58° 

*40°-50° 

56° 


60°-80° 

* 0°-54° 

56° 


50° 

*40°-50° 

56° 


56°-60° 

*10°-30° 

56° 


58° 

*40° 

*20°-40° 

*30°-50° 

56° 

60° 

75° 

56° 

*40°-50° 

*30°-60° 

*20°-40° 



* Pigeonitic pyroxene. 


Wahl (43), in discussing the factors that control the separa¬ 
tion of olivine and calcic pyroxene in the one instance, and of 
lime-poor pyroxene in the other, came to the conclusion that 
the original composition of the magma must be the determining 
factor. 

Kennedy (24) explains the mechanism of this control by 
showing that the composition of the olivine-basalt magma would 
be such that it would lie well within the stability field for for- 
sterite, as portrayed in the ternary system Forsterite-diopside- 
silica investigated by Bowen (5), and rather close to the 
forsterite diopside curve. The crystallization of the magma 
would commence with the separation of forsterite, and the liquid 
would be enriched in lime relative to magnesia, so that the lime 
would crystallize as pyroxene. This would force the alumina 
to combine with the residual soda and potash, giving rise to 
alkali-felspars, and eventually to felspathoids. 

The composition of the tholeiitic magma, he shows, would 
lie either close to the boundary of the forsterite stability field, 
or else entirely within the pyroxene area. No olivine or only 
a very subordinate amount would separate, and crystallization 
would commence with the separation of monoclinic pyroxene. 
The nature of the three-phase boundary is such that this would 
of necessity be a relatively lime-poor type of enstatite-augite. 
Thus a larger proportion of the lime would be left free to combine 
with the alumina than for the case of the olivine-basalt magma, 
and the plagioclase felspar formed would be correspondingly 
more calcic. 

The list of rock types, and minerals, cited upon page 1 shows 
that the lavas of the three provinces under consideration belong 
to Kennedy's olivine-basalt magma suite. 
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Mechanics of Intrusion. 

In an unpublished thesis presented for the degree of Ph.D., 
London (13), the author has noted the tendency, throughout 
Central Victoria, for parallel cycles of differentiation to develop 
in restricted localities, at irregular intervals throughout the period 
of vulcanicity, and of a later widespread outpouring of little- 
differentiated basalt. To explain this it seems necessary to 
postulate that the magma rose through the crust as a series of 
small, steeply-domed, cupola-like bodies, rising at irregular 
intervals in advance of, but connected with, the main magma 
reservoir, which is pictured as a sheet-like basin, having much 
the same areal proportion as the present basaltic plains, as 
depicted hypothetically in Figure 1. 

In these restricted bodies differentiation would be able to 
proceed as in a laccolith, the acid alkaline fluids being displaced 
upwards, and concentrated in the upper portions of the cupolas, 
with a gradation downwards into more basic material. Had 
the alkaline fluids risen to form merely the upper layer of a 
great sheet of magma, their small bulk would have been so 
attenuated as to be thoroughly remixed during the eruptive pro¬ 
cesses. The composite magma chamber is to be regarded as 
moving slowly towards the surface; and, since the later extru¬ 
sions were generally located to the west of the earlier ones, as 
possibly dragging a little westwards in response to the revolution 
of the earth, after the manner pictured by Bailey Willis (46) 
for his “ asthenoliths.” 

The localized and repeated development of trachyte and 
phonolite bodies at Kerguelen and Otago in association with 
vast sheets of basalt seems to require a similar form of magma 
chamber. 



Text Fro. 1.—Diagram illustrating the hypothetical magma reservoir, with 
cupolas developing and rising in advance of it. 
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An explanation of the origin of such cupolas, and of the 
mechanism of their ascent through the cooler crust has been 
devised by Holmes (21) from the principles of convective cir¬ 
culation taken in conjunction with the large difference that 
exists between the thermal gradients maintained by convection 
currents, and the much steeper gradients of the rise of fusion 
temperature with pressure (or depth). The fusion temperature 
for basaltic magma increases at the rate of about 3°C. per 
kilometre of depth, whereas in cooling by convection, the gradient 
which the circulation tends to establish is a downward increase 
of 0.3°C. per kilometre. The exact figures matter less than the 
fact that the former rate of increase is about ten times as rapid 
as the latter. Holmes shows that under conditions of equili¬ 
brium the convection gradient would maintain the magma at the 
top of such a cupola at a temperature well above its fusion point, 
and so long as the supply of heat from the main reservoir con¬ 
tinued, this superheat would impinge against the roof of the cupola, 
and would be available for supplying latent heat, and for fusing 
the material of the roof and the sides nearby. The augmented 
magma and the liberated crystals would be carried down with 
the return peripheral circulation along or parallel to the enclosing 
walls. In this way the roof of the cupola would be gradually 
extended upwards, so long as the supply of heat was maintained. 
Some modification of the magma would result from the accom¬ 
panying assimilation, but the greater part of the added material 
would be carried down into the depths of the cupola, and so 
distributed throughout the body of the magma. Holmes shows 
that when this mode of intrusion is coupled with crystallization 
differentiation, the upper parts of the magma within the cupola 
would change through a trachybasaltic or oligoelase-basalt 
(mugearite) composition to a traehytic. composition, provided 
that sufficient time elapsed. In the Victorian provinces the 
earlier Newer Basalt centres (i.e., areas centred above a cupola) 
reached the traehytic stage of differentiation, hut the later centres 
did not, in general, advance beyond the oligoelase-basalt stage 
before extrusion occurred from the cupola. At Kerguelen, and 
at Otago, the differentiation continued far more frequently as far 
as the traehytic stage. 

Anomalous Alkaline Minerals. 

This hypothesis of Holmes also provides a reasonable explana¬ 
tion of the anomalous anorthoclase and aegirine xenocrysts which 
are sometimes frequent in the Victorian Newer and Older Basalts, 
and in the rocks of the Otago suite, and sometimes in the 
Kerguelen lavas, and for the large anorthoclase, alkali-rich horn¬ 
blende, and pyroxene crystals found in the tuff beds and scoria 
cones of the Western District (30). 
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In the unpublished thesis previously cited (13) I have described 
evidence believed to be recorded for the first time, which 
indicates that the anorthoclase phenocrysts in the Victorian 
trachytes represent a potential “ anorthoclase rock The 
“ phenocrysts ” consist of small intergrown crystals of anortho ¬ 
clase, which crystallized before the other materials of the 
trachytes, and appear to have floated upwards in the magma. 
But despite this, anorthoclase crystals, or aggregates of them, 
are found in practically even rock type in the province, even 
in the limburgites, with this difference—that the more basic the 
rock type, the greater the degree to which the anorthoclase 
crystals have been resorbed, i.e., are out of equilibrium with the 
containing magmas. 

Similarly aegirine, which in the trachytic rocks is a late product 
of crystallization differentiation, is found as occasional, and 
always much larger, crystals in the numerous more basic types, 
and especially in the limburgites. Such aegirine crystals are 
generally much resorbed, and are always armoured about with a 
rim of diopside. Some even contain a core of diopside of earlier 
age than the main aegirine crystal, as well as the later rim. It 
is thought that these large aegirine crystals crystallized at the 
same time as the anorthoclase crystals, but being much heavier, 
sank, whereas the anorthoclase crystals rose. On account of 
their sinking many more of them were completely resorbed in 
comparison with the anorthoclase crystals, so explaining their 
fewer numbers. 

There is thus evidence that these crystals have passed from 
low-temperature conditions back to high temperature conditions. 
If gravitational settling is excluded for the anorthoclase crystals, 
as it would seem to be. then the explanation of their habits may 
be given by Holmes’ hypothesis, the anorthoclase and aegirine 
being carried downwards through the peripheral regions of the 
cupola by the convection currents, and so hack finally into the 
central and hot regions, where they dissolved, unless armoured 
about by high temperature minerals. During extrusion the 
upsurge of the magma would proceed more rapidly in the more 
fluid central regions of the cupola than in the cooler peripheral 
regions, and much of the crystalline material might be caught up 
and brought to the surface as cognate xenocrysts. 

This hypothesis requires that the “ trachytic and phonolitic 
magmas ” should be concentrated at the top of the cupola, and 
also in the upper peripheral regions; and so, although trachytes 
may be expected among the earliest of the extrusives types from 
any cupola, it is quite possible that more basic magma from the 
central part of the cupola, being more fluid than the cooler and 
partly crystalline alkaline magma in the peripheral parts, might 
be extruded more rapidly. This would provide an explanation 
of the variable sequence of extrusion such as has developed at 
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Macedon (Victoria), where the order of extrusions appears to 
have been (1) solvsbergite; (2) oligoclase-basalt; (3) anortho- 
clase-trachyte; (4) anorthoclase-basalt; (5) olivine-trachyte. 

Trachyandesite and Norite. 

Tracky andesite. 

The presence of hypersthene in certain rocks is commonly 
accepted as evidence of assimilation of argillaceous rocks (6, 33, 
41, 42). Holmes (21) has shown that local fusion of sediments 
associated with the penetration of cupolas into the granitic layer 
of the crust may result in the formation of small bodies of acid 
magma above the cupolas. Such local bodies of magma wiil 
become increasingly mixed with the ascending magma as the 
cupola rises. 

At Cobban, in Victoria, there occur glassy trachyandesites with 
as much as 63 per cent, of silica, which yet contain remnants of 
olivine. They also carry orthorhombic pyroxenes which are in a 
semi-resorbed state, while monoclinic pyroxenes are seen in the 
act of crystallizing; and it is suggested that these rocks may have 
originated in such a manner. 

Norite. 

Xenoliths of norite in the basalts indicate that there may be 
norite bodies at depth, and these, and the corroded crystals of 
orthorhombic pyroxene found as xenocrysts in many of the 
basalts, are thought to have been derived from the assimilation of 
argillaceous sediments which must have accompanied such cupola 
intrusion. 


Gaseous Transfer. 

The alternative processes which lead to the development of 
trachyte on the one hand, and to phonolite on the other, require 
explanation. Somewhat parallel alternative products were 
obtained by Bowen, Schairer, and Willems (7), arising out of 
fractional crystallization, during their study of the ternary system 
Sodium silicate-ferric oxide-silica; but this did not make clear the 
cause underlying such fractionation. A possible cause lies in the 
suggestion made by Smyth (40), and elaborated by Shand (37), 
that sodic material is especially liable to gaseous transfer. 

Olivine-basalt magma, under stable and undisturbed conditions, 
differentiates towards trachyte; hut as soon as the roof of the 
magma chamber is fractured, and extrusion has commenced, the 
conditions within the chamber are altered. Previously the 
volatiles had exerted a considerable pressure against the walls of 
the reservoir, a pressure equally distributed over the chamber. 
With the sudden and localized release of pressure, the severely 
compressed volatiles would expand, with the result that bubbles 
of gas would develop throughout the magma and stream towards 
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3he vent. The result of release of pressure in a soda-water 
syphon may be suggested as an analogy. If these volatiles are 
carriers of soda, then a concentration of soda should develop in 
the upper part of the magma chamber, and trachytic differentiates 
should give place to phonolitic types. The irregular concentration 
of soda in crinanites (9, 15, 44) is evidence in favour of this 
mobility of sodic material, independently of normal differentiation 
processes; and Gilluly (17, 18) has described much evidence of 
the independent movement of soda (i.e., independent of potash 
and lime) with the fugitive (gaseous and liciuid) elements of 
granitic magmas. 

Some such hypothesis seems necessary if one is to explain why 
trachytes are among the early alkaline types at Otago, and 
probably, at Kerguelen, while the later alkaline lavas are generally 
phonolitic. 

Provided that a magma is rich in volatile constituents, extrusion 
ushers in a period of oxidation. The volatiles are released, and 
stream through the magma towards the vent, being relatively 
•concentrated as they approach the vent, and so exposing that 
part of the magma to an intensified reaction with them. Thus 
pyroxene crystals are observed in the trachytes and phonolites, 
reacting to form aegirine and iron-ore. Soda-rich liquid would 
not be sufficient of itself to bring about this reaction; oxidation 
•of the ferrous iron of the diopside to the ferric state is essential 
for the formation of aegirine. 

But the most marked evidence of this period of oxidation is 
shown in basalts, where the oxidation leads to the development 
of rims of iddingsite about their olivine crystals. This develop¬ 
ment of iddingsite is a feature of Victorian and some Kerguelen 
and Otago basalts, and in the Victorian rocks there is evidence 
to suggest that a discontinuous series exists under such conditions 
of oxidation, whereby olivine is replaced by iddingsite, and 
iddingsite by iron-ore. Thus:— 

Olivine. -4- Iddingsite. -> Iron-ore. 

2(Mg.Fe)O.SiO z Mg0.Fe 2 0 3 .3Si0 2 .4H 2 0 FeO.Fe 2 C> 3 
For the first stage at least, vigorous oxidation, and the presence 
of water vapour are essential. 

This appears to be an expression of the reaction:— 

II„0 -f- 2FeO = H 2 -(- Fe 2 0 3 

which is stated by Goodchild (19) to be isothermal, and delicately 
balanced. The concentration of water vapour at the vent during 
extrusion would drive the action from left to right, and the 
precipitation of ferric oxide in iddingsite, further unbalancing the 
equation, would speed up the reaction in this direction; but once 
the magma had been extruded as lava, and was freed from water 
vapour, the reverse action might be expected to set in. Evidence 
for this reversal has been found in the Victorian basalts (13), 
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where in some instances., later rims of olivine have developed 
about crystals which had been partially or completely altered to 
iddingsite. Similar features have been recorded by Ross and 
Shannon (35) for American basalts, although they were not 
interpreted in this manner. 

Summary. 

Investigation of the olivine-basalt-trachyte association in the 
Tertiary igneous provinces of Victoria, Kerguelen Island, and 
Otago, New Zealand, supports the theory that alkaline rocks are 
the normal product of differentiation of an olivine-basalt magma, 
so long as there is no undue amount of contamination by 
contemporary syntexis; and that the factors controlling the 
differentiation are:— 

1. The chemical composition of the primary magma, acting 

through the type of pyroxene that is able to crystallize 
from it. 

2. The growth of cupola-like extensions above the main 

magma reservoir, permitting the accumulation of alkaline 
magma in sufficiently concentrated, localized bodies. 

3. The oxidizing conditions ushered in by the development 

of gas streaming during extrusion, and the transport of 
sodic material accomplished by such streaming. 

In the absence of an immediately previous orogeny such 
alkaline rocks will develop in a continental (sialic) region as 
readily as in an oceanic (semic) region; but an orogeny provides 
conditions favorable to large scale assimilation of argillaceous and 
siliceous sediments, with an accompanying production of andesitic 
types. 
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Art. III. — Victorian Tertiary Catenicellidae (Bryozoa), Part III. 

By LEO. W. STACH. 

[Read 9th May, 1935; issued separately, 2nd December, 1935.] 

Introduction. 

I his paper concludes a series of studies on the systematics 
of the Tertiary Catenicellidae (Stach, 1933, 1934, ii.). and deals 
principally with the genera of the sub-families Catenicellinae 
Stach, and Ditaxiporinae Stach (1935, ii.). When studying 
Lower Pliocene Bryozoa (Stach. 1935, i.), several species of 
Catenicellidae were added to the Tertiary fauna, including 
Cornuticella perforata (Busk, 1852), which constitutes the first 
definite record of the sub-family Cornuticellinae in Tertiary 
deposits. 

In the sub-family Catenicellinae, one can correlate, the ovicel- 
ligerous internodes with the far more numerous unovicelled 
zooecia, by using as a basis for comparison the daughter zooecium 
of the triglobulus, which is rarely affected by the development 
of the ovieell, and the daughter zooecium of a geminate pair. 

A consideration of fossil Scuticellinid gonoecia, species in¬ 
correctly relegated to Catenicellidae and extra-Australian Ter¬ 
tiary species of Catenicellidae is appended. 

Systematic Description. 

Sub-family CATENICELLINAE Stach, 1935. 

Genus Pterocella Levinsen, 1909. 

Pterocella Levinsen, 1909, pp. 221, 246. Canu and Bassler, 1929. p. 
441. Stach, 1935, ii., p. 392. 

Type (by subsequent designation) : P. ( Catcnicella) data (Thomson, 
1858). 

Observations.—This genus is here restricted to those species 
with fenestrate sternal area, calcified suprascapular and infra¬ 
scapular compartments and with the ovieell pertaining to the 
mother zooecium of a triglobulus. 

Pterocella alata (Thomson, 1858). 

Eunicea alata Desmarest et Lesueur MS., 1829, pi. v., fig. 5 (vide 
Pergens, 1887). 

Catenicella alata Thomson, 1858, p. 137, pi. xiii., fig. 4; idem., 1859, i., 
p. 80, pi. vi., fig. 4; id., 1859, ii., p. 144. Macgillivray, 1879, dec. 
3, p. 21, pi. xxiv., fig. 7. Waters, 1881, p. 317, pi. xvi., figs. 47, 49. 58; 
id., 1882, p. 260; id., 1883, p. 428, pi. xii., fig. 15; id., 1887, p. 86, 
pi. iv., fig. 9. Pergens, 1887, p. 86. Jullien, 1888, pp. 275-278. 
Whitelegge, 1889, p. 283. Macgillivray, 1895, p. 11, pi. i., fig. 17. 
Harmer, 1902, p. 307, pi. xviii., fig. 53. Maplestone, 1904, p. 186. 
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Pterottlla alata (Thomson), Levinsen, 1909, pp. 220, 246, pi. xii., figs. 
6a, b, pi, xxi., fig. 4a. Canu and Bassler, 1929, p. 443, text fig. 176. 
Livingstone, 1929, p. 98. Stach, 1934, i., p. 17, text fig. 1; idem, 
1935, i., p, 347. 

Description.—See Levinsen (1909). 

Dimensions.—Recent zooecium from Torquay (Vic.) : length 
0.53 mm., width 0.41; aperture, diameter 0.10. Fossil zooecium 
from Clifton Bank: length 0.51, width 0.40; aperture, dia¬ 
meter 0.10. 

Distribution.—Recent: vide Stach, 1935, i., and add, Victoria: 
Bass Strait, Port Fairy (Waters) ; Sorrento (South Aust. Mus. 
coll.); Hobson’s Bay (Aust. Mus. coll.); San Remo (Stach 
coll.). New South Wales: La Perouse (Botany Bay) (Waters) : 
Coogee, Bondi (Whitelegge). South Australia: Backstairs 
Passage (South Aust. Mus. coll.). 

Fossil: vide Stach, 1935, i. 

Observations.—Thomson (1858, pi. xiii., fig. 4) figures the 
more elongate zooecia found typically at base of secondary 
branches. Relation of length to width is variable in Recent 
zooecia, but some fossil zooecia of extreme dimensions may 
represent a distinct species. Waters’ figured specimen (1883, 
pi. xii., fig. 16) belongs to Carinatocella clongata (Macgillivray, 
1895). 

Pterocella jjalli (Maplestone. 1899). 

Catenicolla hath Maplestone, 1899, p. 7, pi. i., figs. 11, 11a; idem, 1904, 
p. 187. 

C. acuminata idem, 1899, p. 7, pi. i., fig. 12; id., 1904, p. 186. 

Description.—Zooecium sub-ovate with spinous projection at 
each distal angle; length one and a half times greatest width, 
which occurs at level of scapular compartments. Straight entire 
proximal rim, in middle quarter of zooecium, at one-third of 
distance proximally from distal connecting-tube aperture to base; 
semicircular aperture extends half distance from proximal rim 
to distal connecting-tube aperture. Sternal area broad, longi¬ 
tudinally elliptical, extending one-half to two-thirds distance 
from proximal rim to proximal connecting-tube aperture; nine 
to eleven oval fenestrae. Scapular compartments, at middle 
level of aperture, face directly laterally; suprascapular com¬ 
partments produced into spines projecting upward and outward, 
with small oval uncalcified areas facing forward; infrascapular 
compartments approximately equally developed. Dorsal surface 
smooth, moderately convex in axial region. Axis of daughter 
zooecium inclined ’ about 60 deg. to that of mother zooecium. 
Ovicell not observed. 

Dimensions.—Zooecium from Mitchell River ( Bairnsdale) : 
length 0.50 mm., width 0.29; aperture, diameter 0.09. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: No. 7 bore (Parish of Glencoe) at 580 ft. 
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Observations.—Readily distinguished from P. alata (Thomson, 
1858) by spinous projections from suprascapular compartments 
and larger number of fenestrae on sternal area. Maplestone’s 
“ Catenicella” acuminata agrees with P. halli in essential char¬ 
acters, his distinctions being due to slight fracture of one 
specimen, and normal variation in the other. 

Genus Carinatocella Stach, 1935. 

Carinatocclla Stach, 1935, ii., pp. 389, 393. 

Type (by original designation) : Carinatocclla harmeri Stach, 1935. 

Carinatocella elongata (Macgillivray, 1895). 

Catenicella alata Waters ( non Thomson, 1858), 1883, pi. xii., fig. 16. 

C. elongata Macgillivray, 1895, p. 11, pi. i., fig. 16. Maplestone, 1904, p. 

187. 

C. crux Macgillivray, 1895, p. 12, pi i., fig. 18. Maplestone, 1904, p. 187. 

C. porosa Macgillivray, 1895, p. 12, pi. i., fig. 19. Maplestone, 1904, 

p. 188. 

Description.—Zooecium elongate-pyriform, length at least twice 
greatest width which occurs at level of scapular compartments. 
Slightly concave, entire proximal rim of aperture is in middle 
third of zooecium two-fifths of distance proximally from distal 
connecting-tube aperture; aperture extends one-third to one-half 
distance from proximal rim to distal connecting-tube aperture; 
lateral margins with a pair of cardelles close to proximal rim. 
Sternal area short, sub-circular, extending one-third distance 
from proximal rim to proximal connecting-tube aperture; five 
to seven oval fenestrae. Transversely-elongate scapular com¬ 
partments, at middle level of aperture, open directly laterally; 
large suprascapular compartments face almost directly forward, 
with frontal surface uncalcified; distal infrascapular compart¬ 
ments scarcely extend proximally beyond proximal rim; inner 
margins of broad, long proximal infrascapular compartments 
meet below sternal area in longitudinal grooved ridge extending 
to proximal connecting-tube aperture. Dorsal surface smooth, 
strongly convex in axial region. Axis of daughter zooecium 
inclined about 65 deg. to that of mother zooecium. Ovicell 
large, punctured by numerous small pores, transversely oval and 
bordered by a smooth ridge. 

Dimensions.—Zooecium from Clifton Bank: length 0.52 mm., 
width 0.24; aperture, diameter 0.08. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Flinders, Dartmoor (at foot of railway bridge over Glenelg 
River), Altona Bay coal shaft, Batesford tunnel marl dump, 
No. 6 bore (Parish of Moorooduc) at 4-6 ft., Hamilton bore at 
.80-85 ft., No. 7 bore (Parish of Glencoe) at 705, 725, 985 ft. 

Upper Oligocene: No. 7 bore (Parish of Glencoe) at 1,270 ft. 

9260.—3 
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Observations.—Differs from Carinatocella harmeri Stach, 
1935, in its more elongate zooecium, forwardly-directed scapular 
compartments and great development of proximal infrascapular 
compartments. Waters’ figured specimen (1883, pi. xii., fig. 16) 
belongs here. From comparison of figured specimens, “ Cateni - 
cclla” crux Macgillivray, 1895, represents a perfectly preserved 
single zooecium of this species with no essential difference from 
the damaged geminate pair figured as “ Catcnicclla” clongata 
by Macgillivray. 

" Catcnicclla ” porosa is a triglobulus from the left side of 
which the daughter zooecium has become detached. It is cor¬ 
related with this species since it is not a triglobulus of Ptcrocclla 
alata (Thomson, 1858) or Carinatocella elegant issima (Maple- 
stone, 1898) and also since it was recorded from Clifton Bank 
where C. elongate is very common. 


Carinatocella flexuosa (Waters, 1881). 

Catenicella flexuosa Waters, 1881, p. 317, pi. xvi., fig. 39. 

C. elegantissima Maplestone, 1898 (non Maplestone, 1911), p. 16, pi. L, 
fig. 6 ; idem, 1904, p. 187. 

C. morningtoniensis Maplestone, 1911, p. 267, pi. xxxvii., fig. 4. 

Description.-—Zooecium elongate-elliptical with slight projec¬ 
tions from suprascapular compartments; length almost twice 
greatest width at level of scapular compartments. Slightly con¬ 
cave proximal rim, in middle quarter of zooecium, at two-fifths 
of distance proximally from distal connecting-tube aperture to 
base; semicircular aperture extends less than half distance from 
proximal rim to distal connecting-tube aperture. Sternal area 
narrow, elongate, semi-elliptical, extending two-thirds distance 
from proximal rim to proximal connecting-tube aperture; eight 
to thirteen pyriform fenestrae. Scapular compartments, at level 
of aperture, open directly laterally; suprascapular compartments 
broad, passing into triangular projections at upper and outer 
angles; proximal and distal infrascapular compartments about 
equally developed. Dorsal surface moderately convex in axial 
region. Axis of daughter zooecium inclined about 45 deg. to- 
that of mother zooecium. Ovicell subcircular, with two oval 
depressed areas separated by median longitudinal band. 

Dimensions.—Zooecium from 705 ft.. No. 7 bore, Parish of 
Glencoe: length 0.56 mm., width 0.31 ; aperture, diameter 0.09. 

Distribution.-—Middle Miocene: No. 7 bore (Parish of 
Glencoe) at 236-286 ft. and 330 ft. 

Lower Miocene: vide Maplestone (1904) and add: Clifton 
Bank (Muddy Creek. Hamilton), Mitchell River at Bairnsdale, 
Knight’s bore (Dartmoor), No, 6 bore (Parish of Moorooduc) 
at 4-6 ft., No. 7 bore (Parish of Glencoe) at 580, 705, 790 ft. 
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Upper Oligocene: No. 7 bore (Parish of Glencoe) at 1,270 ft. 

Observations.-—Characterised by large number of fenestrae 
in sternal area, and projection of suprascapular compartments. 
Waters’ damaged specimen (1881) is regarded as conspecific 
with “ Catenicella ” morningtoniensis Maplestone, the description 
being based on the latter plesiotype. The “ wavy thick tube on 
the front ” (Waters) appears to belong to some other organism 
which has subsequently encrusted frontal surface of geminate 
pair. 

Maplestone’s triglobulus (1898) is correlated with “Cateni¬ 
cella” morningtoniensis Maplestone. 1911, on characters of the 
daughter zooecium which, in the triglobulus, shows reduced 
number (six) of fenestrae; both were found at Balcombe Bay. 
The ovicell, with a longitudinal median band, resembles that of 
Carinatocclla harmeri Stach, 1935, but the latter differs in the 
less number of fenestrae in daughter zooecium. Maplestone 
(1911, p. 207) described a terminal gonoecium under the same 
trivial name attached to present species. 


Genus Claviporella Macgillivray, 1887. 

Claviporella Macgillivray, 1887, i„ p. 65; idem. 1887, ii., p. 198; id., 
1895, p. 20. Levinsen, 1909, pp. 220, 242. Canu and Bassler, 1929, 
p. 444. Stach, 1935, ii., p. 390. 

Type (by subsequent designation) : C. ( Catenicella ) gemimta 
(Thomson, 1858). 

Observations.—Ovicell pertains to mother zooecium of a trig¬ 
lobulus; deep sinus in proximal rim of aperture. Usually a more 
or less well-developed cribriform area occurs proximal to the 
aperture. 


Claviporella longicolhs (Waters, 1883). 

Catenicella longicollis Waters, 1883, p. 432, pi. xii., figs. 2-4. 

Claviporella longicollis (Waters), Macgillivray, 1895, p. 21, pi. ii., figs. 

23~25. Maplestone, 1898, p. 19, pi. ii., fig. 14; idem, 1904, p. 190. 

Description.—Zooecium triangular ; greatest width, at upper 
level of scapular compartments, almost equals length. Proximal 
rim, with deep sinus, situated in middle quarter of zooecium less 
than one-third distance proxirnally from distal connecting-tube 
aperture to base; lateral and distal margins of aperture form an 
arc greater than a semicircle, extending two-thirds of distance 
from proximal rim to distal connecting-tube aperture. Sternal 
area longitudinally-elliptical, cribriform, extending more than 
half distance from proximal rim to proximal connecting-tube 
aperture. Scapular compartments, extending above and below 
level of aperture, face directly laterally; suprascapular compart¬ 
ments small, calcified; proximal and distal infrascapular compart¬ 
ments heavily calcified, of small extent. Dorsal surface 
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moderately convex, flattened at distal angles. Axis of daughter 
zooecium inclined at about 35 deg. to that of mother zooecium. 
Ovicell globular, tuberculate and perforate. 

Dimensions.-—Zooecium from Clifton Bank (Muddy Creek, 
Hamilton) : length 0.43 turn., width 0.39; aperture, diameter 0.08. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Flinders, Batesford tunnel marl dump, Forsyth’s (Grange 
Burn, Hamilton) below remanie nodule bed, No. 7 bore (Parish 
of Glencoe) at 650 ft. 

Observations.—Characterized by broad zooecia, tuberculate 
character of ovicell and large cribriform area on frontal. Levinsen 
(1909) suggested that this species should be included in Costi- 
cclla {—Costaticella Maplestone, 1899), but character of ovicell 
places it in Catenicellinae. The suggestion seems due to the 
form of the cribriform sternal area, which, however, does not 
appear to be homologous with that of Costaticella. 

Claviporella angusta Macgillivray, 1895. 

Claviporella longicollis var. angusta Macgillivray, 1895, p. 21, pi. ii., figs. 
23, 23a. 

C. angusta Macgillivray, Maplestone, 1898, p. 19, pi. ii., fig. 15; idem, 
1904, p. 190. 

Description.—Zooecium elongate-oval; greatest width, at level 
of scapular compartments, equals about half length. Deeply 
sinuate proximal rim, in middle third of zooecium, at one-third 
of distance proximally from distal connecting-tube aperture to 
base; lateral and distal margins of aperture, forming arc greater 
than a semicircle, extend two-thirds of distance from proximal 
rim to distal connecting-tube aperture. The elongate-elliptical 
cribriform area extends more than half distance from proximal 
rim to proximal connecting-tube aperture. Scapular compart¬ 
ments, not extending beyond level of aperture, face directly 
laterally; suprascapular compartments calcified, of small extent; 
proximal infrascapular compartments greater in extent than 
distal infrascapular compartments. Dorsal surface moderately 
convex, depressed behind distal compartments. Axis of daughter 
zooecium inclined about 65 deg. to that of mother zooecium. 
Ovicell globular, smooth and imperforate. 

Dimensions.—Zooecium from No. 6 bore, Parish of Mooroo- 
duc at 4-6 ft.: length 0.60 mm., width 0.33; aperture, diameter 
0.08. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: No. 7 bore (Farish of Glencoe) at 660 ft., No. 6 bore 
(Parish of Moorooduc) at 4-6 ft. 

Observations.—Distinguished from C. longicollis (Waters) 
by more slender zooecia and smooth imperforate ovicell; much 
rarer than preceding species. 
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Claviporella obliqua Macgillivray, 1895. 

Claviporclla obliqua Macgillivray, 1895, p. 21, pi. ii., fig. 26. Maple- 
stone, 1904, p. 190. 

Description.—Zooecium elongate-triangular; greatest width, at 
upper level of scapular compartments, equals about two-thirds 
length. Deeply sinuate proximal rim, in middle third of 
zooecium, at less than one-third distance from distal connecting- 
tube aperture to base; height of aperture equals two-thirds dis¬ 
tance from proximal rim to distal connecting-tube aperture. 
Four to six pores, arranged in a semicircle, perforate frontal 
below proximal rim. Scapular compartments, at level of aper¬ 
ture, of small extent; suprascapular compartments short, calci¬ 
fied; proximal infrascapular compartment of greater extent than 
distal infrascapular compartment. Dorsal surface moderately 
convex, depressed at distal angles. Axis of daughter zooecium 
inclined about 30 deg. to that of mother zooecium. Ovicell 
not known. 

Dimensions.—Zooecium from Clifton Bank (Muddy Creek, 
Hamilton) : length 0.48 mm., width 0.30; aperture, diameter 0.08. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Clifton Bank (Muddy Creek, Hamilton), Batesford tunnel 
marl dump. 

Observations.-—Characterized by lack of cribriform area and 
presence of small pores on frontal. 

Claviporella marionae Macgillivray, 1895. 

Claviporella marionae Macgillivray, 1895, p. 21, pi. ii., figs. 27, 28. 
Maplestone, 1904, p. 190. 

Description.—Zooecium triangular; greatest width, at upper 
level of scapular compartments, about one half length. Deeply 
sinuate proximal rim, in middle third of zooecium, at about one- 
third distance from distal connecting-tube aperture to base; 
height of aperture exceeds two-thirds distance from proximal 
rim to distal connecting-tube aperture. Sternal area lacks 
ornament. Scapular compartments, at level of aperture, lodge 
moderately large avicularia facing directly laterally; supra¬ 
scapular compartments calcified, of small extent; proximal infra¬ 
scapular compartments of greater extent than distal infrascapular 
compartments, both face laterally. Dorsal surface moderately 
convex, distal half of lateral margins depressed. Axis of 
daughter zooecium inclined about 45 deg. to that of mother 
zooecium. Ovicell not known. 

Dimensions.—Zooecium from Clifton Bank (Muddy Creek, 
Hamilton) : length 0.57 mm., width 0.29; aperture, diameter 0.08. 

Distribution.—Lower Miocene: vide Maplestone (1904). 

Observations.—Characterized by lack of sternal structures, and 
the unusually large projection of the distal connecting-tube 
apertures. 
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Claviporella airensis Maplestone, 1911. 

Claviporella airensis Maplestone, 1911, p. 270, pi. xxxviii., fig. 12. 

Description.—Zooecium subovate; greatest width, at level of 
scapular compartments, about two-thirds length of zooecium. 
Deeply sinuate proximal rim, in middle quarter of zooecium, at 
about one-third distance from distal connecting-tube aperture 
to base. Height of aperture about half distance from proximal 
rim to distal connecting-tube aperture. A narrow, longitudinally- 
elongate pore occurs about half way between proximal rim and 
proximal connecting-tube aperture. Scapular compartments, at 
level of aperture, directed laterally; suprascapular compartments 
not preserved; proximal infrascapular compartment of greater 
extent than distal infrascapular compartment, both face laterally. 
Dorsal surface moderately convex. Axis of daughter zooecium 
inclined about 55 deg. to that of mother zooecium. Ovicell 
globular, slightly papillose, imperforate. 

Dimensions.—Calculated from mother zooecium of holotype 
triglobulus: length 0.39 nun., width 0.24; aperture, diameter 0.08. 

Distribution.— ?Lower Miocene: Aire coastal beds (Maple¬ 
stone) . 

Observations.—Characterized by small size of median elongate 
pore in sternal area, which has probably been formed by fracture 
of a cribriform area. The ovicell is also distinctive. The 
holotype is the sole specimen known. 

Genus Strongylopora Maplestone, 1899. 

Strongylopora Maplestone, 1899, p. 4. Canu and Bassler, 1929, p. 441. 
Stach, 1935, ii., p. 392. 

Hincksiella Levinsen, 1909, pp. 221, 241. 

Type (by subsequent designation) : 5. ( Catcnicella) pulchella (Maple¬ 
stone, 1880). 

(Ihservations.—Characterized by sub-marginal row of large 
pores and completely calcified suprascapular compartments. 
Cleared balsam preparations show that the scapular compart¬ 
ments extend from level of aperture to proximal connecting-tube 
aperture. Infrascapular compartments are therefore absent, but 
probably represented by the sub-marginal row of pores. 

Strongylopora pulchella (Maplestone, 1880). 

Catenicella pulchella Maplestone, 1880, p. 64, pi. v., fig. 4. Macgillivray, 
1884, dec. ix., p 31, pi. lxxxix., fig. 4. Busk, 1884, p. 13, pi. i., 
fig. 4. Macgillivray, 1895, p. 11, pi. i., fig. 15. 

C. concinna Macgillivray, 1881, p. 84, pi. i., figs. 1, la. 

Strongylopora pulchella (Maplestone), 1899, p. 4; idem, 1904, p. 190. 
Canu and Bassler, 1929, p. 441, text fig. 177. 

S. complanata Maplestone, 1899, p. 4, pi. i„ fig. 6. 

S. nitida idem, 1899, p. 5, pi, i., fig 7. 

S. ampullacea idem. 1899, p. 5, pi. i., fig. 8. 

Hincksiella pulchella (Maplestone), Levinsen, 1909, p. 241, pi. xii., 
figs. 9 a-c. 
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Description.—Zooecium semi-elliptical; greatest width, at distal 
limit of scapular compartments, about three-quarters length. 
Broadly sinuate proximal rim, in middle third of zooecium, at 
one-third distance from distal connecting-tube aperture to base; 
aperture extends two-thirds distance from proximal rim to distal 
connecting-tube aperture ; lateral margins curve inward. Sternal 
area with sub-marginal row of eleven to fifteen large pores. 
Scapular compartments, with avicularia opening laterally at level 
of proximal half of aperture, extend to base of zooecium; 
suprascapular compartments triangular, outer distal angles 
extending above level of distal connecting tube aperture. Dorsal 
surface slightly convex, depressed along margins and behind 
distal angles of zooecium. Axis of daughter zooecium inclined 
about 45 deg. to that of mother zooecium. Ovicell slightly 
convex, with about eight irregularly arranged large perforations. 

Dimensions.-—-Recent zooecium from Port Phillip Heads: 
length: 0.49 mm., width 0.38; aperture, diameter 0.10. 

Distribution.—Recent: Victoria: Queenscliff, Port Phillip 
Pleads (Macgillivray). South Australia: Backstairs Passage 
(South Aus. Mus. coll.). New South Wales: 24 to 34 miles 
S. by W. off Port Jackson at 36 to 39 fathoms (“ Thetis ” 
Exped.) (Aust. Mus. coll.). 

Lower Miocene: vide Maplestone (1904). 

Observations.—Characterized bv broad sinus in proximal rim, 
eleven to fifteen sub-marginal pores, shape of zooecium and the 
numerous pores in ovicell. S. complanata. S. nitida and A. 
ampullaeea (Maplestone, 1899) are included here because of 
their shape and the number of sub-marginal pores present. The 
broad sinus is not seen in the proximal rim of the last-named 
form, which appears to have been fractured. 


Strongylopora expansa (Macgillivray, 1895). 

Catenicella expansa Macgillivray, 1895, p. 10, pi. i., figs. 8, 9. 

Strongylopora expansa (Macgillivray), Maplestone, 1899, p. 4: idem, 
1904, p. 189. 

S. concinna idem, 1915, p. 355, pi. xxvii., fig. 1. 

Description.—Zooecium broadly ovate; greatest width, at distal 
end of scapular compartments, approximates length. Slightly 
convex proximal rim, in middle third of zooecium, at one-third 
distance from distal connecting-tube aperture to base. Trans¬ 
verse ascopore developed in median position below proximal 
rim; height of aperture about three-quarters distance from 
proximal rim to distal connecting-tube aperture. Sternal area 
with six to nine large, circular, sub-marginal pores. Scapular 
compartments, with avicularia directed laterally at level of aper¬ 
ture, extend to base; large triangular suprascapular compartments 
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extend well above level of distal connecting-tube aperture. Dorsal 
surface moderately convex, depressed at margins and distal 
quarter of zooecium. Axis of daughter zooecium inclined about 
70 deg. to that of mother zooecium. Ovicell large, with median 
longitudinal ridge and perforation on each side. 

Dimensions.—Zooecium from Clifton Bank (Muddy Creek, 
Hamilton) ; length 0.37 mm., width 0.41; aperture, diameter 
0.08. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Flinders, Forsyth’s (Grange Burn, Hamilton) below 
remanie nodule bed, No. 6 bore (Parish of Moorooduc) at 
4-6 feet. 

Observations.—Characterized by broad zooecia and six to nine 
sub-marginal pores. In most specimens, suprascapular and 
scapular compartments are fractured causing zooecia to appear 
more slender. Maplestone’s triglobulus (S. concinna) is cor¬ 
related with this species because of small number of submarginal 
pores present on daughter zooecium; proximal rims are all frac¬ 
tured and thus presence of ascopore could not be determined. 


Strongylopora mamillata (Macgillivray, 1895). 

Catenicella mamillata Macgillivray, 1895, p 10, pi. i., figs. 10, 11. 

Strongylopora mamillata (Macgillivray), Maplestone, 1899, p. 4; idem 
1904, p. 189. 

Description.—Zooecium elongate-elliptical; greatest width, at 
level of avicularia, about half length. Slightly convex proximal 
rim, in middle third of zooecium, at one-third distance from 
distal connecting-tube aperture to base; transverse ascopore in 
median position just below proximal rim; height of aperture one- 
half to two-thirds distance from proximal rim to distal connecting- 
tube aperture. Sternal area with sub-marginal row of twelve 
to fifteen subcircular pores; median portion of sternal area very 
strongly convex. Scapular compartments, with avicularia 
directed laterally at level of aperture, extend proximally to base 
of zooecium; suprascapular compartments triangular, projecting 
slightly above level of distal connecting-tube aperture. Dorsal 
surface moderately convex in axial region, depressed along lateral 
margins and behind suprascapular compartments. Axis of 
daughter zooecium inclined about 70 deg. to that of mother 
zooecium. Ovicell not known. 

Dimensions.-—Zooecium from Batesford tunnel marl dump: 
length 0.57 mm., width 0.32; aperture, diameter 0.11. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Flinders, Batesford tunnel marl dump, Forsyth’s (Grange 
Burn, Hamilton) below remanie nodule bed, Hamilton bore at 
80-85 feet. 
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Observations.—Characterized by elongate zooecium, transverse 
ascopore and twelve to fifteen sub-marginal pores. Closely 
allied to Strongylopora expanse (Macgillivray), but zooecium is 
more slender and there is a greater number of sub-marginal 
pores in the present species. 


Strongylopora circumcincta (Waters, 1883). 

Catenicella circumcincta Waters, 1883, p. 432. Macgillivray, 1895, p. 9, 
pi. i., fig. 7- 

Strongylopora circumcincta (Waters), Maplestone, 1899, p. 4; idem, 
1904, p. 189. 

Description.—Zooecium elongate-semielliptical; greatest width, 
at distal limit of scapular compartments, about half length. 
Slightly convex proximal rim, in middle third of zooecium, at 
one-quarter of distance from distal connecting-tube aperture to 
base; narrow slit leads down from centre of proximal rim to 
transverse ascopore; height of aperture equals two-thirds distance 
from proximal rim to distal connecting-tube aperture. Sternal 
area with submarginal row of about twelve large oval pores. 
Scapular compartments, with avicularia directed laterally at level 
of aperture, extend to base; triangular suprascapular compart¬ 
ments extend well above level of distal connecting-tube aperture. 
Dorsal surface moderately convex, depressed behind distal angles. 
Ovicell not known. 

Dimensions.—Zooecium from Clifton Bank (Muddy Creek, 
Hamilton) : length 0.53 mm., width 0.26; aperture, diameter 
0.08. 


Distribution.—Lower Miocene: vide Maplestone (1904). 

Observations.—Above description is based on Macgillivray’s 
plesiotype, the holotype being inaccessible. Waters’ description, 
without any figure (1883), makes it uncertain whether Macgilliv¬ 
ray’s plesiotvpe is really “ Catenicellacircumcincta Waters. 


Strongylopora tenuis (Macgillivray, 1895). 

(Text-fig 1.) 

Catenicella tenuis Macgillivray, 1895, p. 10, pi. i., figs. 12-14. 

Strongylopora tenuis (Macgillivray), Maplestone, 1899, p. 4; idem, 
1904, p. 190. 

5". cuneiformis idem, 1899, p. 5, pi. i, fig. 9; id., 1904, p. 189. 

Description.—Zooecium elongate-semielliptical; greatest width, 
at level of avicularia, about half length. Slightly concave 
proximal rim, in middle third of zooecium, at one-quaitei of 
distance from distal connecting-tube aperture to base, height of 
aperture equals half distance from proximal rim to distal 
connecting-tube aperture. Sternal area slightly convex, with 
sub-marginal row of ten to twelve oval pores. Scapular com¬ 
partments, with avicularia directed laterally at level of apeiture, 
extend to base of zooecium; suprascapular compartments 
triangular, acute, extending far above level of distal connecting- 
tube aperture. Dorsal surface moderately convex, depressed 
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behind suprascapular compartments. Axis of daughter zooecium 
inclined about 45 deg. to that of mother zooecium. Ovicell 
subcircular, globular with transversely elliptical depression con¬ 
stricted parallel to longitudinal axis of distal zooecium. 

Dimensions.—Zooecium from No. 7 bore, Parish of Glencoe, 
at 790 feet: length 0.50 mm., width 0.28; aperture, diameter 
0.09. 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Flinders, Prowse’s marl pit (2 miles W. of Mt. Moriac), 
No. 7 bore (Parish of Glencoe) at 790 feet. 

Observations.—Characterized by absence of ascopore and of 
sinus in proximal rim. Maplestone’s Strongylopora cuneiformis 
represents a perfectly preserved specimen of this species and 
shows acute nature of suprascapular compartments and their 
extension above level of distal connecting-tube aperture. A 
triglobulus of this species was found at 790 feet in No. 7 
bore. Parish of Glencoe. Characters of ovicell are quite distinct 
from those of other species. The daughter zooecium has 
become detached and basis of correlation with present species 
is character of aperture of distal zooecium and shape and 
number of sub-marginal pores in proximal zooecium. 

Genus Stenostomaria Macgillivray, 1895. 

Stenostomaria Macgillivray, 1895, p. 16. Canu and Bassler, 1927, p. 21 
(sub-genus of Strophipora MacG.) ; idem, 1929, p. 453 (sub-genus 
of Strophipora MacG.). Stach, 1934, ii., p 43; idem, 1935, ii., 
p. 392. 

Observations.—The author (1934, ii., p. 43) has shown that 
the ovicell pertains to the mother zooecium of a triglobulus, thus 
separating it from the Scuticellinid genus Strophipora MacG. 

Characterized by encroachment of infrascapular compartments 
on frontal, sternal area being represented by longitudinal median 
ridge formed by union of inner margins of infrascapular com¬ 
partments. The lateral compartments developed on the frontal 
below the scapular compartments, probably represent the distal 
infrascapular compartments of other genera, those on the dorsal 
surface corresponding to the proximal infrascapular compart¬ 
ments. 

Stenostomaria solida (Waters, 1881). 

Catenicella solida Waters, 1881, p. 318, pi. xvi., figs. 37, 38; idem, 1883, 
p. 430. 

Stenostomaria solida (Waters). Macgillivray, 1895, p. 17, pi. ii., figs. 
7, 8. Maplestone, 1899, p. 1, pi. i., figs. 1, la; idem, 1904, p. 188. 

Strophipora bellis Maplestone, 1898, p. 18, pi. ii., fig. 16. 

Description. — Zooecium elongate-subrectangular; greatest 
width, at level of proximal rim of aperture, about half length. 
Proximal rim, at one-quarter of distance from distal connecting- 
tube aperture to base, with length one-third width of zooecium, 
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slightly concave and with deep constricted sinus; height of aper¬ 
ture two-thirds of distance front proximal rim to distal connect¬ 
ing-tube aperture. Sternal area represented by median 
longitudinal grooved ridge extending from below sinus of 
aperture to proximal connecting-tube aperture. Scapular com¬ 
partments developed as short protuberances above and to each 
side of aperture, bordered by bounding ridges of suprascapular 
and distal infrascapular compartments; suprascapular compart¬ 
ments uncalcified, extending from proximal rim to distal 
connecting-tube aperture, bounded laterally by scapular com¬ 
partments; distal infrascapular compartments occupy entire area 
of frontal below level of proximal rim, communicate with 
zooecium by six to eight septula; proximal infrascapular com¬ 
partments occupy entire dorsal surface of zooecium, their inner 
margins fusing to form longitudinal median grooved ridge; they 
communicate with zooecium by six to eight septula. Dorsal 
surface strongly convex in centre of zooecium. Axis of 
daughter zooecium inclined about 45 deg. to that of mother 
zooecium. Ovicell bordered by thick transversely-rectangular 
salient ridge beginning on each side of proximal rim of distal 
zooecium, terminating at distal rim of proximal zooecium; 
enclosed area is slightly convex and punctate; aperture of 
proximal zooecium broader than that of normal zooecium. 

Dimensions.—Zooecium from No. 6 bore, Parish of Moorooduc, 
at 4-6 feet: length 0.75 mm., width 0.41 ; aperture, diameter 

0 . 12 . 

Distribution.—Lower Miocene: vide Maplestone (1904) and 
add: Dartmoor (at foot of railway bridge over Glenelg River), 
Knight’s bore (Dartmoor), Beach Cliff at Ocean Grove (Bel- 
larine Peninsula), Batesford Quarry, Batesford tunnel marl 
dump, Hamilton bore at 80-85 feet, No. 6 bore (Parish of 
Moorooduc) at 4-6 feet, No. 7 bore (Parish of Glencoe) at 
650, 660, 705, 725, 790 feet. 

Upper Oligocene: No. 7 bore (Parish of Glencoe) at 1,270 
feet. 

Observations.—The sole species of Stenostomaria links the 
essentially unizooecial inter nodes of the vast majority of Cateni¬ 
cellidae with the multizooecial internodes of Ditaxiporinae, 
whose zooecial morphology shows distinct relationships to this 
widespread form which is not recorded later than Lower 
Miocene. 

Comparison of daughter zooecium of the triglobulus figured 
by Maplestone (1898) as Strophipora bellis with normal zooecia 
of S. solida shows that the two forms are conspecific. It is 
remarkable that Maplestone did not note this when, in the fol¬ 
lowing year, he identified a fragment of the triglobulus, showing 
only the rectangular ovicell and distal zooecium, with this 
species. 
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Sub-family DITAXIPORINAE Stach, 1935. 

Genus Ditaxipora Macgillivray, 1895. 

Ditaxipora Macgillivray, 1895, p. 22. Levinsen, 1909, p. 259. Canu and 
Bassler, 1927, p. 21 (sub-genus of Strophipora MacG ) ; idem. 
1929, p. 453 (sub-genus of Strophipora MacG.). Stach, 1934, ii., 
p. 44; idem, 1935, ii., pp. 391, 394. 

Type (by Monotypy) : D. ( Catenicella ) internodia (Waters, 1881). 

Description.-—Zoarium articulated; internodes of numerous 
zooecia (usually eight). Longitudinal media raised band extends 
from base of zooecium to proximal rim of aperture where it 
extends on either side to avicularium or to adzooecial bounding 
ridge. Avicularia occur only on abzooecial side of zooecia. 
Dorsal surface with depression surrounded by raised border. 
Ovicell deeply immersed in distal zooecium. 

Observations.—Relationship of depressions on zooecia of this 
genus to lateral compartments of Recent Catenicellidae is not 
difficult to establish. As in Sienostomaria, the frontal depressions 
correspond to distal infrascapular compartments. The dorsal 
depression is regarded as homologous with one of the proximal 
infrascapular compartments, while the adzooecial lateral wall 
represents the remaining infrascapular compartment. Catenicella 
continua Waters, 1891, from the Priabonian (Lower Oligocene) 
of Montecchio Maggiore and Brendola (Italy) belongs here. 

Ditaxipora internodia (Waters, 1881). 

(Text-figs. 2, 3.) 

Catenicella internodia Waters, 1881, p. 318, pi xviii., figs. 78, 79; idem, 
1883, p. 430. 

C. internodia var. angustata Waters, 1883, p. 430. 

Ditaxipora internodia (Waters), Macgillivray, 1895, p. 22, pi. ii„ fig. 
31. Maplestone, 1898, p. 21; idem, 1904, p. 191. 

Strophipora ( Ditaxipora ) internodia (Waters), Canu and Bassler, 1929, 
p. 452, text figs. 185 F, G. 

Description. — Zooecium sub-rectangular, distal abzooecial 
angle projecting outward; greatest width, at level of avicularium. 
about half length. Concave proximal rim, in middle third of 
zooecium, at one-third of distance from distal end to base; 
height of aperture about two-thirds distance from proximal rim 
to summit of zooecium; pair of well-developed cardelles on 
lateral margins of aperture close to proximal rim. Sternal area 
represented by broad longitudinal median band extending from 
base to below proximal rim where it broadens to a tansverseiy 
oval area whose distal margin forms proximal rim of aperture. 
Scapular compartments, at level of distal half of apertures, occur 
on abzooecial side only, adzooecial side bearing a broad raised 
area; suprascapular compartments, separated by narrow band 
extending from distal rim of aperture to summit of zooecium, 
extend laterally round scapular compartments; distal infra¬ 
scapular compartments, extending from scapular compartments 
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to base, bear six to eight septula. Dorsal surface, occupied by 
a proximal infrascapular compartment, bears seven to eleven 
scattered septula and is bounded by broad raised band. Ovicell 
large, globular, deeply immersed in distal zooecium and extending 
distally to proximal rim of distal zooecium. 

Dimensions.—Internode of eight zooecia from Hamilton bore 
at 80-85 ft.: length 8.08 mm.; zooecium, length 0.43, width 0.24; 
aperture, diameter 0.09. 

Distribution.—Lower Miocene: vide Maplestone (1904), and 
add: Batesford tunnel marl dump, Hamilton bore at 80-85 ft., 
No. 6 bore (Parish of Moorooduc) at 4-6 ft., No. 7 bore (Parish 
of Glencoe) at 650 ft. and 790 ft. 

Observations.—An examination of about 50 internodes in 
the author’s collection from various localities, has not revealed 
a single zooecium with a pore in the median frontal hand as 
described by Waters (1881) who, however, also mentioned 
absence of pore in some specimens. Absence of transversely 
oval area below aperture in Macgillivray’s figured specimen is 
due to fracture of this rarely-preserved salient portion. The 
author has observed no pore in this suboral oval area, but central 
portion of calcareous lamina is perceptibly thinner. The pore 
is urohably present in young zooecia, but later becomes closed 
by secondary calcification. 

Breadth of depressions varies considerably from the “ long 
broad vitta near the outer border ” of Waters (1883, p. 430) to 
the oval depression of the majority of specimens. Stages 
between these variations were obtained and it is suggested that 
Waters’ var. angustata represents older internodes. Dorsal sur¬ 
face of primary zooecium of an internode has a median longi¬ 
tudinal band with narrow depression on each side, indicating 
the form which the zooecia would take when articulation pro¬ 
ceeded further, and attained the type of zoariunr found in Recent 
Catenicellidae. 

Maplestone claims to have found forms agreeing with Waters’ 
original description (1881), but the former author makes no 
mention of a pore in the median longitudinal band, which is 
found in Waters’ description, but mentions presence of a pore 
in the oval transverse area, not noted by Waters. Distinguished 
from D. continua (Waters, 1891) by the far greater area occu¬ 
pied by depression on dorsal surface of zooecia. 


Terminal Gonoecia. 

Terminal gonoecia which have not been correlated with their 
zooecia are here listed. Maplestone described them under new 
trivial names of Catenicella and this practice is retained, 
“ Catenicella " being used as the sensu lato genus of early authors 
(Stach, 1935, ii„ p. 390), since their generic affinity cannot 
safely be established. 
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“ Catenicella " m acgi llivrayi Maplestone, 1898. 

Catenicella macgillivrayi Maplestone, 1898, p. IS, pi. i., fig. 2; idem. 

1904, p. 187. 

C. spcnceri idem, 1898, p. 15, pi. i., fig. 3; id., 1904, p. 188. 

Observations. —Characterized by the two oval depressions 
directed downward above aperture, surmounting avicularium 
and six fenestrae of sternal area; probably referable to Scuti- 
cella. No essential difference between C. macgillivrayi and 
C. spcnceri as described by Maplestone, both occurring only at 
Clifton Bank (Muddy Creek, Hamilton). 

“Catenicella” nutans Maplestone, 1899. 

Catenicella nutans Maplestone, 1899, p. 2, pi. i., fig. 2; idem, 1904, 

p. 187. 

C. rotundata idem, 1899, p. 2, pi. i., fig. 4. 

Observations.—Characterized by two lateral and one median 
depressions above aperture and by three or four fenestrae of 
sternal area. No essential distinction exists between C. nutans 
and C. rotundata as described by Maplestone, who later may 
have regarded them as conspecific, since he omits the latter name 
from his catalogue (1904). Both forms came from Balcombe 
Bay (Mornington). 

“Catenicella'” conica Maplestone, 1899. 

Catenicella conica Maplestone, 1899, p. 2, pi. i., fig 3; idem, 1904, p. 186. 

Observations.—Characterized by irregularly pitted area above 
aperture, surmounting avicularium and three fenestrae of sternal 
area. Recorded solely from Clifton Bank (Muddy Creek, 
Hamilton). 

“ Catenicella ” personata Maplestone, 1899. 

Catenicella personata Maplestone, 1899, p. 3, pi. i., fig. 5; idem. 1904, 

p. 188. 

Strophiparn dubia Maplestone, 1913, p. 356, pi. xxvii., fig. 4. 

Observations.—Characterized by punctate area above aperture, 
surmounting avicularium and four fenestrae of sternal area. 
Maplestone’s figured specimen of C. personata has the sur¬ 
mounting avicularium broken off, but this structure is well seen 
in “ Strophipora dubia.’ 1 Former specimen found at Balcombe 
Bay (Mornington). and latter in Geelong district. 

“Catenicella” mintjtissima Maplestone, 1911. 

Catenicella minutissiuia Maplestone, 1911, p. 268, pi. xxxvii., fig. 7. 

Observations. — Characterized by two lateral downwardly- 
directed depressions above aperture, small size, and numerous 
fenestrae of sternal area, which has a somewhat coslate appear¬ 
ance probably placing it with Costaficella Maplestone. It 
resembles “ C." macgillivrayi Maplestone, hut differs in its 
smaller size, and orientation of depressed areas above aperture. 
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“ Catenicella ” maplestonei nom. nov. 

Catenicella elegantissima Maplestone, 1911 ( non C. elegantissima 

Maplestone, 1898), p. 267, pi. xxxvii., fig. 6. 

Observations.-—Characterized by five fenestrae of sternal area 
and punctate “ cap ” at summit of gonoecium. C. elegantissima 
Maplestone, 1898, is referred, as previously stated, to Carinato- 
cclla flcxuosa (Waters, 1881). 

Forms Excluded from Catenicellidae. 

Liriozoa laevigata (Waters, 1883). 

Catenicella laevigata Waters, 1883, p. 432, pi. xii, fig. 1. Davis, 1934, 
p. 237 (footnote). 

Liriosoa laevigata (Waters), Macgillivray, 1895, p. 6, pi iii., fig. 1. 
Maplestone, 1900, p. 162, pi. xvii., fig. 2; idem, 1904, p. 186. 

Observations.—Macgillivray (1895) rightly placed this species 
with Liriosoa Lamarck as described by Levinsen (1909); it 
bears a striking resemblance to figures of L. tulipifera (Ell. and 
Sol.). The Victorian Tertiary species shows no distal spine 
arching over the aperture, though this may be due to fracture, 
and proximal region of triglobulus is more elongate than shown 
in Canu and Bassler’s reproduction of Hincks’ figure of 
L. tulipifera (1929, p. 436). 

Davis (1934. p. 237, footnote) has stated that Canu and 
Bassler (1929, p. 395) placed Catenicella laevigata Waters, 1883, 
in Tetraplaria Tenison-Woods, 1878. The form indicated by 
Canu and Bassler is, however, “ Tetraplaria (Smitten) laevigata 
Waters, 1881,” which doubtless refers to Smittia centralis var. 
laevigata Waters, 1881 (p. 337, pi. xiv., figs. 7, 8). 

The generic name Liriosoa has been discarded by Davis (1934) 
in favour of Pasythea for L. tulipifera. No reason is given, 
but a personal communication froffl Davis indicates that the 
nomenclature of this and other forms will be discussed later. 
Meanwhile, the name Liriosoa is used. 

Microstomaria tubulifera Macgillivray, 1895. 

Microstomaria tubulifera Macgillivray, 1895, p. 18, pi. ii., fig. 29. 
Maplestone, 1904, p. 190. Canu and Bassler, 1929, p. 452, text-figs. 
185 D, E. Stach, 1934, ii., p. 44; idem, 1935, ii., p. 391. 

Observations.—This form is referable to the cyclostomatous 
family Crisiidae, but its generic affinities are uncertain (Stach, 
1935, ii.). 

Family SAVIGNYELL1 DAE Levinsen. 1909. 

Genus Chelidozoum gen. nov. 

Type: C. ( Claviporella ) vcspertilio (Macgillivray, 1895). 

Description.—Zoarium articulated; internodes of single zooecia 
only. Branching takes place by development of two zooecia 
articulated from summit of a single zooecium. Zooecium tri¬ 
angular, distal angles project backward and often support 
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avicularia. Aperture longitudinally oval with concave proximal 
rim and well-developed pair of cardelles. 

Observations.—Placed with Savignyellidae because of inferred 
type of branching, division of aperture into poster and anter 
by a pair of cardelles, concave proximal rim, general outline and 
appearance of zooecia. In these characters this genus agrees 
with Savignyella lafontii (Audouin, 1826), the genotype of the 
type genus. 

Distinguished from Savignyella Levinsen, 1909, by absence of 
suboral avicularium and presence of backwardly-directed pro¬ 
cesses at the distal angles, which usually support avicularia. 
Ovicelled specimens not found. The generic name is an allusion 
to the resemblance of the zooecia to the appearance of a swallow 
in flight. 


Chelidozoum vespertilio (Macgillivray, 1895). 

(Text-figs. 4, S.) 

Claviporella vespertilio Macgillivray, 1895, p. 20, pi. ii., fig. 22. 

Maplestone, 1904, p. 190. 

Description.—Zooecium very elongate and triangular, proximal 
region tapering to fine narrow tube; greatest width, at level of 
avicularia. from two-thirds to half length. Concave proximal 
rim, in middle quarter of zooecium, at one-third distance from 
distal connecting-tube aperture to base; height of aperture about 
half distance from proximal rim to distal connecting-tube aper¬ 
ture. Aperture elongate-oval with salient distal rim and poster 
and anter, separated by well-developed pair of cardelles, are 
approximately equal in extent. Minutely and sparsely punctate 
frontal ornamented with numerous fine lirae radiating from 
vicinity of salient aperture. Distal angles extend obliquely back¬ 
ward as triangular processes, often bearing avicularia at their 
tips. Dorsal surface smooth, slightly concave and flattened 
between projecting distal angles. 

Dimensions. — Zooecium from Forsyth’s (Grange Burn, 
Hamilton) below remanie nodule bed; length 0.50 mm., width 
0.4,5; aperture, diameter 0.07. 

Distribution.—Lower Miocene; vide Maplestone (1904) and 
add; Forsyth’s (Grange Burn, Hamilton) below remanie nodule 
bed, shore of Lake Gnotuk (near Camperdown), 

(ibservations.—A series of exquisitely preserved zooecia from 
1'orsyth’s has revealed the above distinctive characters. The 
distinctive radiating liration of the frontal is only seen in well- 
preserved, nearly transparent specimens. Removed from Cateni- 
cellidae because of absence of lateral compartments, lack of 
frontal perforation and the mode of branching. 

Tti the series of ten zooecia from Forsyth’s examined and 
compared with Macgillivray's holotype, two showed a pair of 
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connecting-tube apertures at summit of zooecium, the remainder 
having only a single aperture. This feature, together with 
absence of geminate pairs referable to this form, indicates a 
mode of branching identical with that of Savignyella lafontii 
(Audouin, 1826). 

The zooecia vary considerably in proportion of length to 
width, depending mainly on degree of development or abrasion 
of attenuated extremities of zooecia. Processes of distal angles 
may or may not develop avicularia; if not developed the process 
tapers to a fine point. 


Incertae Sedis. 

“Catenicella punctata” Macgillivray, 1895. 

Catenicella punctata Macgillivray, 1895, p. 16, pi. ii., fig. 30. 

Observations.—This represents a single zooecium detached 
from a bilaminate zoarium of one of the Adeonids. Heavy 
calcification has made many of its characters indistinct. Excluded 
from Catenicellidae since there is no evidence of lateral com¬ 
partments or lateral avicularia. Maplestone probably thought 
likewise, since he omitted this form from his catalogue (1904). 

“ Claviporella sp.” Chapman, 1913. 

Astrorhiza angulosa Howchin (non Brady), 1886, pp. 160, 161. 

Claviporella sp. Chapman, 1913, p. 184, pi. xviii., fig. 32; idem, 1916, 
p. 341, pi. lxv., fig. 32. 

Observations.—Examination of the figured specimen and of 
additional specimens from No. 7 bore, Parish of Glencoe, at 
580 ft. has shown that this form is not a bryozoan since (1) no 
aperture is present on either wall; (2) the perforations at the 
extremities of the angles are far too minute to represent an aper¬ 
ture for the protrusion of the polypide; (3) lack of ornamen¬ 
tation. These forms are hollow, flattened, triangular bodies 
formed of calcium carbonate, the angles being more or less 
elongated and perforated at their extremities; two of the angles 
often show greater attenuation than the third; breadth about 
0.80 mm. 

Extra-Australian Tertiary Catenicellidae. 

The family Catenicellidae occurs in the Eocene and Oligocene 
of Europe and America, and is found from Oligocene to Recent 
times in the Australian region. The European and American 
forms are regarded as archaic members of Catenicellidae and 
all the species so far known have multizooecial internodes. Their 
systematics and distribution are summarized below. 

9260.—4 
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Sub-family DITAXIPORINAE Stach, 1935. 

Genus Ditaxipora Macgillivray, 1895. 

Ditaxipora continua (Waters, 1891). 

Catenicella continua Waters, 1891, p. 6, pi. i., figs, 9, 10; idem, 1913, 

Observations.—This is the only extra-Australian form refer¬ 
able to Ditaxipora, and it links the Victorian Tertiary forms, 
Ditaxipora internodia (Waters), and Stenostomaria solida 
(Waters), with the species placed below in Ditaxiporina, which 
occur solely in Europe and North America. Readily dis¬ 
tinguished from D. internodia (Waters, 1881) by the far broader 
median longitudinal band on frontal, and small extent of 
depressed areas on dorsal surface. 

Waters (1913, p. 485) referred this species to Vittaticella 
Maplestone, 1901, but this cannot be accepted, since, on the 
evidence of their distribution in time, and the developmental 
trends of the morphological features of this group, Vittaticella 
is of later origin than the Ditaxiporinae. 

Distribution.—Lower Oligocene (Priabonian) : Montecchio 
Maggiore, Brendola (Italy). 

Genus Ditaxiporina Stach, 1935. 

Ditaxiporina Stach, 193S, ii., pp. 391, 395. 

Type (by original designation) : D. ( Catenicella ) septentrionalis 
(Waters, 1891). 

Observations.—Characterized by absence of median longi¬ 
tudinal band of Ditaxipora and by the fairly common occurrence 
of avicularia on both abzooecial and adzooecial sides of zooecia. 
Ovicell encroaches on at least half of distal zooecium. 

Ditaxiporina septentrionat.is (Waters, 1891). 

Catenicella septentrionalis Waters, 1891, p. 5, pi. i., figs. 1-8. 

Observations.—Distinguished from others of this genus by 
greater proportionate length of zooecia. The single zooecia, and 
internodes of two, three and four zooecia, probably represent 
the first few zooecia in the development of a long internode. 

Distribution.-—Lower Oligocene (Priabonian) : Montecchio 
Maggiore (Italy). 

Ditaxiporina labiata (Canu, 1910). 

Bactridium labiatum Canu, 1910, p. 846, pi. xvi., figs. 7-8. 

Ditaxipora labiata (Canu), 1913, p. 299. 

Distribution.—Upper Eocene (Auversian) ; Biarritz. 

Ditaxiporina luteciana (Canu, 1913). 

Ditaxipora luteciana Canu, 1913, p. 298, pi. iv., figs. 9-10. 

Distribution.—Middle Eocene (Lutetian) : Bruges (Gironde, 
France). 
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Ditaxiporina subseptentrionalis (Canu and Bassler, 1920). 

Catenicella subseptentrionalis Canu and Bassler, 1920, p. 5S0, pi. xcvi., 
fig. 11. 

Distribution.—Oligocene (Vicksburgian) : Salt Mountain (five 
miles south of Jackson) Alabama (U.S.A.). 
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Figs. 1-5. 

(Magnification X 45.) 

Fig. 1. Strongylopora tenuis (Macgillivray). Trigtobulus from No. 7 bore 
(Parish of Glencoe) at 790 feet, showing ovicell and proximal 
portion of the daughter zooecium. Nat. Mus. Coll.. No. 14042. 

Fig. 2. Ditaxipora inUfnodia (Waters). Outline of a single zooecium of 
an internode from Batesford tunnel marl dump, showing zooecia! 
detail. Nat. Mus. Coll. No. 14043. Fig. 3. Ditaxipora inter- 
nodia (Waters). Dorsal view of the first three zooecia of an 
internode from Hamilton bore at 80-85 feet, showing the median 
longitudinal band on the primary zooecium. Nat. Mus. Coll. 
No. 14044. 

Fig. 4. Chelidosoum vespertiho (Macgillivray). Frontal view of zooecium 
from Forsyth’s (Grange Burn, Hamilton), below reinanie nodule 
bed. Nat Mus. Coll. No. 14045. Fig. 5. Chelido soum vespertilio 
(Macgillivray). Side view of zooecium from same locality. 
Nat. Mus. Coll. No. 14046. 
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[Proc. Roy. Soc. Victoria. 48 (N.S.), Pt. I., 1935.] 

Art. IV.— A Noteworthy Specimen of Spaniodon elongatus 

Pictet from the Upper Cretaceous of Mount Lebanon, Syria. 

By EDWIN SHERBON HILLS, M.Sc., Ph.D., F.G.S. 

[Read 13th June, 1935; issued separately, 2nd December, 1935.] 

In the Museum of the Geology Department at the University 
of Melbourne, there is preserved a specimen (Register Number 
833) of Spaniodon elongatus Pictet, from the LTpper Cretaceous 
chalk of Mt. Lebanon, which is remarkable in that the remains 
of another small fish are preserved in the abdominal region of 
the Spaniodon. and that what appears to he the contents of part 
of the intestinal tube are also fossilised. 

Description. —The Spaniodon individual is lying on its right 
side in fine grained chalk, and many of the bones are preserved 
intact, while others have fallen away from the rock. The body 
outline of the fish is clearly defined, for between the bones there 
is a thin deposit of brownish material underlain by a flesh- 
coloured substance, and where the brown film has flaked off, the 
underlying flesh-coloured matter remains. The size of the fish, 
and the width of the body relative to the length of the head and 
opercles, indicate that the individual is referable to Spaniodon 
elongatus Pictet, but it should be noted that the vertebral centra are 
not more noticeably elongated than in .S', blondeli. The fish is frac¬ 
tured along a small fault, the posterior part having been displaced 
relatively to the anterior by about 2 mm. in a dorsal sense, and 
about 1 mm. to the left (upwards in the specimen). The 
fracture is not visible in the matrix. The vertebral column is 
bent, the flexure occurring in the region of the 14th, 15th and 
16th abdominal vertebrae, and near the middle of the abdominal 
cavity the remains of a small fish are to be seen, showing the 
impressions of seventeen caudal vertebrae with neural and 
haemal spines, and a relatively long caudal fin, the latter pointing 
towards the head of the large, fish (see Plate II.). The small 
fish lies over the abdominal ribs of the right side of the large 
individual, but it is not clear whether the abdominal ribs of the 
left side of the large fish overlie the small individual or not. The 
left counterpart of the specimen is not available, and the state 
of preservation does not enable each rib preserved to be definitely 
identified as right or left, but in one place, what are presumed to 
be left ribs do appear to overlie parts of the small fish (near the 
fracture). It is, in any case, extremely unlikely that the small 
individual should be external to the large, as it would almost 
certainly have rolled off the latter before fossilisation, especially 
as the two fishes are parallel. There is no trace of matrix 
between the two, and only the posterior part of the small fish is 
preserved. It is, therefore, highly probable that this small 
individual represents a small fish swallowed by the larger, and 
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now lying in its stomach, the anterior parts of the small fish, 
which is perhaps a young Spaniodon, having been digested. In 
contact with the disintegrated anterior end of the small fish, is 
a solid mass of brownish material of irregularly vermicular form, 
which in all probability represents the contents of the loosely 
coiled alimentary canal, posterior to the pylorus. 

Microchemical tests were carried out on various parts of the 
fossil, and it was found that all the substances preserved, viz., 
bone, brown film, flesh-coloured film, and contents of the 
alimentary canal, are phosphatic, crystals of ammonium phospho- 
molybdate being precipitated on adding excess ammonium molyb¬ 
date solution to a nitric acid digest of the substance tested. The 
chalk matrix is non-phosphatic., and it is therefore most probable 
that the phosphatic material is all of organic origin, so that this 
test serves to indicate the probable organic derivation of the 
material of the presumed alimentary canal, in which minute 
bone fragments are visible near the partially digested fish. 

Remarks.- —If the interpretation of the specimen given above 
be correct, we may conclude that Spaniodon elongatus was, occa¬ 
sionally at least, a fish-eater. This is also indicated by the 
presence of a few large teeth at the anterior end of the jaws, 
and it is clear that the feeding habits of the fish were quite 
different from those of the herring-like fishes with which it has 
been associated taxonomically by Boulenger (1907). Boulenger 
included Spaniodon in a subfamily of the Clupeidae along with 
such forms as Engraulis (the anchovy), Dussumeria, Etrmneus, 
and other similar forms, all feeding, as a rule, upon plankton. I 
believe, however, that such a distinct difference between the 
feeding habits of these fishes and of Spaniodon should exclude 
the latter from the subfamily in which these fishes are united, 
although its feeding habits alone would not exclude Spaniodon 
from the family Clupeidae. 

The stomach, in which the small fish lies undistorted, seems 
to have been a simple sac. It must have been divided off from 
the intestinal tube by a pyloric constriction, provided, in all 
probability, with a pyloric sphincter muscle, as is indicated by 
the disintegration of the small fish at the pylorus. 

The intestinal tube was relatively small and straight, with only 
a few small loops. In Thrissopatrr intestinalis Moodie (1910), 
as is shown in a specimen from the Cretaceous of Texas, there 
was a large rectum, preceding which was an intestine with six 
large coils, but no trace of similar structures is preserved in the 
specimen of Spaniodon under consideration. It is indeed pro¬ 
bable that the intestine was not coiled in the manner Moodie 
describes for Thrissopater, but rather that the arrangement was 
simple, with a sac-like stomach and a relatively straight intestine, 
as in many predaceous fishes. 
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A further point of interest regarding this fish is the flexure 
of the vertebral column. Similar distortions are not uncommon 
in living fishes, and Edinger (1932) has figured two examples 
in fossil forms. The possible causes are many, including 
mechanical injuries, the action of parasites, abnormal chemical 
composition of the water, and faulty diet. The cause of the 
flexure exhibited by the specimen under consideration is not 
known. 

Conclusion. —The specimen described above is unique among 
fossil fishes whose stomach contents are preserved, in that the 
food was not completely macerated before fossilisation occurred. 
It recalls to mind the specimen of Undina described by Watson 
(1927), in which two unborn embryos are present in the oviducts, 
but there is little possibility that the present example could be 
due to viviparity in Spaniodon, which is a typical teleost. In 
viviparous teleosts there are numerous embryos which lie free 
in the body cavity of the mother. It is peculiar that the small 
fish in the stomach of the Spaniodon should not be surrounded 
by macerated material similar to that in the intestinal tube, and 
1 cannot account for the absence of such material. Nevertheless 
it is difficult to find any more probable interpretation of the 
fossil than that given above. 
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Explanation of Plate. 

Spaniodon elongalus Pictet, Upper Cretaceous, Mount Lebanon, Syria. 
Photograph and sketch (somewhat diagrammatic) x 3/4, showing a small 
fish ( fr) lying in the stomach of the Spaniodon. The latter is fractured 
at /, and exhibits a flexure of the vertebral column at fl. The contents of 
the intestinal tube are preserved at ». 
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Art. V. —Foraminiferal Limestones of Eocene Age from North¬ 
west Division, Western Australia. 

By F. CHAPMAN, A.L.S., and IRENE CRESPIN, B.A. 

[Read 12th July, 1935 ; issued separately, 2nd December, 1935.] 
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Introduction. 

Sedimentary rocks of Eocene age in Australia were unknown 
until the detailed survey of the Bullara area, south of the head of 
Exmouth Gulf, in the North-west Division of Western Australia, 
was carried out by Messrs. Eric A. Rudd, B.Sc., and D. Dale 
Condit, M.A., of Oil Search Ltd., Sydney, early in 1934. The 
material, which we have examined in detail in the course of 
reporting on collections from the district, contained two samples 
which were of the greatest interest and importance, for they 
proved indisputably the existence of true Eocene limestones in 
this area. Our thanks are due to Oil Search Ltd. for permission 
to publish a note on this important occurrence. 

The rock specimens and sections herein described are in the 
Commonwealth Palaeontological Collection at the National 
Museum, Melbourne. 


Notes on the Rock Specimens, and their Age. 

( a ) No. 14 in the Rudd and Condit collection is from the 
“ east flank of the Giralia anticline where the track to Bullara 
crosses the first low hills.” The rock is a hard, detrital, fawn- 
coloured Discocyclina limestone. A thin section shows abundant 
Discocyclina, with smaller foraminifera, worm tubes, polyzoa and 
mollusca. These organisms are generally much rolled and iron- 
stained, indicating that the deposit had undergone current action 
or sub-aerial erosion, before being finally laid down. The matrix 
is calcitic and finely crystalline, whilst rounded quartz grains are 
common. 
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The organic contents are as follows:— 

F OR AMINIFER A- 

Bolivina sp. 

Bolivina cf. limbata d’Orbigny. 

Textularia cf. gramen d’Orbigny. 

Tcxtularia cf. sayittula Defrance. 

Lenticulina sp. 

Lamarckina sp. 
cf. Orbit elites. 

Pellatispira sp. 

Discocyclina pratti (Michelin). 

Discocyclina douvillei (Schlumberger). 

Discocyclina dispansa (Sowerby) var. minor Rutten. 
Asterocyclina cf. stellata (d’Archiac). 

Actinocyclina cf. aster Woodring. 

Polyzoa— 

Beisselina sp. 

Gasteropoda— 

Carinaria sp. 

( b ) No. 20 in the Rudd and Condit collection is from “ Bed 
of Creek at Track Crossing, 9 miles from Bullara.” The rock is 
a hard, yellowish, compact, foraminiferal and polyzoal limestone, 
subcrystalline in places. In thin section numerous organisms, 
including foraminifera ( Pellatispira and Discocyclina) , polyzoa, 
echinoid plates and spines, a few molluscan shell-fragments, and 
an ostracod (cf. Bythocypris ) are present, embedded in a 
crystalline matrix of calcite. 

The foraminifera are as follows— 

Coskinolina sp. 

Dentalina cf. soluta Reuss. 

Gypsina sp. 

Carpenteria sp. 

OpercnUna pyramidum Ehren. 

OpercnUna canalifera d'Archiac. 

OpercnUna cf. discoidca Schwager. 

Nummulites sp. 

Pellatispira orbitoidea (Provale). 

Pellatispira inflata Umbgrove. 

Pellatispira rutteni Umbgrove. 

Pellatispira glabra Umbgrove. 

DiscocycUna pratti (Michelin). 

Discocyclina dispansa (Sowerby). 

Regarding the age of these rocks, the latest tabulation given by 
Gerth (1935) of the Malayan Archipelago (Java) shows that the 
Australian faunula herein described should be placed in the 
Middle and Upper Divisions of stage “ b,” corresponding with the 
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European stages from the Upper Lutetian to the Priabonian 
(Middle to Upper Eocene). In Java Pellatispira orbitoidea 
occurs at the base of stage “ b,” whilst Discocyclina ranges from 
the middle to the top of that stage. 


Description of Species. 

Fam. ORBITOLINIDAE. 

Gen. Coskinolina Stache, 1875. 

Coskinolina sp. 

PI. I., Fig. 1. 

Observations.—A section of a test shows it to be depressed 
convex. It is cut through somewhat obliquely to the vertical axis. 
The apex indicates a spiral commencement followed by trans¬ 
verse partitions which are sub-parallel to one another ; the vertical 
plates which divide the partitions are simple; the base is more or 
less convex; the structure is finely arenaceous. The genus 
Coskinolina is represented by two species, one of which, C. 
liburnica Stache, occurs in the Middle Eocene of Dalmatia, and to 
which our section shows most resemblance, the other C. balsillei 
Davies, occurs in the Eocene of India. Coskinolina is an aren¬ 
aceous isomorph of the genus Chapmanina which is abundant in 
the Eocene of Italy, and occurs at Biarritz in the south of France. 

Dimensions.'—-Diameter of test at base, 1.12 mm.; height, 
0.77 mm. 

Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. (Com¬ 
monwealth Coll., No. 64). 

Age.—Middle to Upper Eocene (stage “b”). 


Fam. CALCARINIDAE. 

Gen. Pellatispira Boussac, 1906. 

Pellatispira orbitoidea (Provale). 

PI. I., Fig. 3. 

Assilina madaraszi var. orbitoidea Provale, 1908, p. SI, Taf V., fig. 5. 
Pellatispira sp. Van der Vlerk en Umbgrove 1927, p. IS, fig. 4. 
Pellatispira orbitoidea Umbgrove, 1928, p. 60, figs. 11-26, 34-41. 

Observations.—Several vertical sections of tests of this species 
are present. This form was described by Provale from Borneo, 
and has since been recorded from Java and other East Indian 
Islands. 
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Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. (Com¬ 
monwealth Coll., No. 65). 

Age.-—Middle to Upper Eocene (stage “ b ”). 


Pellatispira glabra Umbgrove. 

PI. I., Fig. 4. 

Pellatispira sp. Van der Vlerk, 1927, p. 24, fig. 19. 

Pellatispira glabra Umbgrove, 1928, p 64, figs. 62-68. 

Observations.—This species is represented in the collection by 
a good vertical section. It was first described by Umbgrove from 
South-east Borneo, where it was associated with Nummulites, 
Discocyclina, Operculinella, and Gypsina globulus. 

Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. (Com¬ 
monwealth Col!., No. 66). 

Age.—Middle to Upper Eocene (stage “b”). 

Pellatispira inflata Umbgrove. 

PI. I., Fig. 2. 

Pellatispira inflata Umbgrove, 1928, p. 63, figs. 42-56. 

Observations.-—Vertical sections of P. inflata are fairly 
abundant in this rock. It occurs at South-east Borneo, whence 
the orginally described specimen came. 

Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. (Com¬ 
monwealth Coll., No. 67). 

Age.—Middle to Upper Eocene (stage “ b ”). 

Pellatispira rutteni Umbgrove. 

Pellatispira sp. Rutten, 1915, pi. iii.; Rutten, 1927, p. 84, figs. 26 e, f. 

Pellatispira rutteni Umbgrove, 1928, p. 62, figs. 57-61. 

Observations.—This species is represented by one typical 
vertical section. It was described by Umbgrove from North-east 
Borneo, and is found also in the South-east of the island. In 
both places it was associated with Discocyclina. 

Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. 

Age.—Middle to Upper Eocene (stage “ b ”)• 
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Fam. NUMMULINIDAE. 

Gen. Operculina d’Orbigny, 1826. 

Operculina pyramidum Ehrenberg. 

Operculina pyramidum Ehrenberg, 1838, p. 93, pi. iv., fig 7. 

Operculina pyramidum Schwager, 1883, p. 143, pi. xxix., figs. 4 a-c. 

Observations.—This specimen in thin section shows a median 
increase in the width of the last whorl. Tests are fairly 
numerous. 

Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. 

Age.—Middle to Upper Eocene (stage “b”). 

Operculina canalifera d’Archiac. 

Operculina canaifcra d’Archiac, 1850, p. 245. 

Operculina canalifera d’Archiac and Haime, 1853, p. 182, pi. xii., figs. 1, 
a-b. Appendix p. 346, pi. xxxv., fig. 5a; pi. xxxvi., figs. 15a, 16a. 

Operculina complanata (Defr.) var. canalifera d’Archiac., Chapm. 
1900, p. 315, pi. xiii., figs. 3a, 4a; pi. xiv., fig. 12. 

Observations.—This species is distinguished by the rapid 
increase of the last whorl. Several vertical sections are repre¬ 
sented in the slide. 

Locality.—No. 20, Bed of Creek at Track Crossing, 9 miles 
from Bullara, North-west Division, Western Australia. 

Age.'—-Middle to Upper Eocene (stage “b ”). 

Fam. ORBITOIDIDAE. 

Gen. Discocyclina Giimbel, 1868. 

Discocyclina pratti (Michelin). 

Pis. L, II., Figs. 6, 9, 10. 

Orbitulites pratti Michelin, 1846, p. 278, pi. lxiii., figs. 14a, b. 

Orbitoides (Discocyclina) pratti (Michelin), d’Archiac, Giimbel, 1868, 
p. 690-696, pi. iii., figs. 7, 28, 29. 

Orthophragmina pratti Schlumberger, 1903, pp 274-277 pi. viii.. figs. 1, 
3; pi. ix., fig. 17. 

Discocyclina pratti Douville, 1922, pp. 67, 68, pi. iv., fig. 5; text.-figs 
i8, 19. 

Discocyclina pratti Chapman, 1930, p. 296, pi. xxxvii., figs 1, 2. 

Observations.—Vertical sections of tests of D. pratti are 
numerous and of comparatively small dimensions. In No. 14 
the specimens are very much rolled, abraded, and ironstained; 
whilst in No. 20 they are fairly well preserved. Verbeek (1896, 
p. 1173) has recorded this species from Java, and it is also present 
in the Eocene rocks of Papua and New Guinea. 

Locality.-—-No. 14, East Flank of Giralia Anticline, where the 
track crosses the first low hills; No. 20, Bed of Creek at Track 
Crossing, 9 miles from Bullara, North-West Division, Western 
Australia. (Commonwealth Coll. No. 68.) 

Age.—Middle to Upper Eocene (stage “b”). 
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Discocyclina douvillei (Schlumberger). 

PI. II., Fig. 9. 

Orthophragmina douvillei Schlumberger, 1903, p. 283, pi. ix., figs. 21-24. 

Observations.—This species is a small form, thickened 
umbilically and with a solid pillar on the axis. In vertical section 
the present examples, which are rare, agree generally with the 
type figures, but are slightly more depressed. D. douvillei has 
been recorded from Papua and New Guinea. 

Locality.—No. 14, East Flank of Giralia Anticline, where the 
track to Bullara crosses the first low hills, North-West Division, 
Western Australia. (Commonwealth Coll. No. 69.) 

Age.—Middle to Upper Eocene (stage “b”). 

Discocyclina dispansa (Sowerby) var. minor Rutten. 

PI. I., Fig. 5. 

Orthophragmina dispansa (Sowerby), var. minor Rutten, 1915, p. 9, 
pi. 1, figs. 4, 5. 

Observations.—Fairly numerous examples of a dwarf form of 
the typical D. dispansa occur here, and are undoubtedly referable 
to Rutten’s form D. dispansa var. ininor. They are about 
one-fourth the diameter of the specific form. This variety was 
first described by Rutten from East Borneo, where it appears 
to be fairly common. 

Locality.—No. 14, East Flank of Giralia Anticline, where the 
track to Bullara crosses the first low hills (Commonwealth Coll. 
No. 70) ; No. 20, Bed of Creek at Track Crossing, 9 miles from 
Bul ara, North-West Division, Western Australia. 

Age.—Middle to Upper Eocene (stage “ b ”). 

Gen. Asterocyclina Giimbel 1868. 

Asterocyclina cf. stellata (d’Archiac). 

PL II., Fig. 8. 

Orbitolites stellata d’Archiac, 1850, p 405, pi. viii., fig. 14. 

Orbitoides stellata Giimbel, 1868, p. 713, pi. ii., figs. 115 a-e; pi. iv., figs. 
4-7. 

Orbitodcs ( Asterocyclina ) stellata Giimbel, Jennings, 1888, p. 531, pi. 
xiv., fig. 7. 

Asterocyclina stellata Chapman, 1932, p 486, pi. lxi., fig. 4a; pi. lxii., 
fig. 8. 

Observations.—The present example in this section is 
comparable with those figured by Giimbel under the name of 
Orbitoides stellata. This species occurs in the Eocene limestone 
of Borneo, as well as in the Nummulitic limestone of the Bavarian 
Alps, at Biarritz, in the south of France, and in India and New 
Zealand. 

Locality.—.No. 14, Bed of Creek at Track Crossing, 9 miles from 
Bullara, North-West Division, Western Australia. (Common¬ 
wealth Coll. No. 71.) 

Age.—Middle to Upper Eocene (stage “b”). 
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Gen. Actincsoyclina Giimbel 1868. 

Actinocyclina cf. aster Woodring. 

PI. II., Fig. 7. 

Actinocyclina aster Woodring, 1930, pp. 152-155, pi. xiv., figs. 3-6; pis. 
xvi, xvii. 

Observations.—Several tests are present in vertical section and 
compare very closely with those figured by Woodring from 
California. His species appears to differ from Actinocyclina 
radians in the pronounced central boss, and until vertical sections 
are obtained which have passed through the central line the 
present specimens cannot be definitely assigned to A. aster. 

Locality.—No. 14, East Flank of the Giralia Anticlina, where 
track to Bullara crosses the first low hills, North-west Division, 
Western Australia. (Commonwealth Coll. No. 72.) 

Age.—Middle to Upper Eocene (stage “b”). 
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Explanation of Plates. 

Fig. 1 .—Coskinolina sp. Nearly vertical section Bed of Creek at Track 
Crossing, 9 miles from Bullara, N.W. Division, Western Aus¬ 
tralia. Middle to Upper Eocene. Plesiotype. X 28. 

Fig. 2 .-—Pellatispira infiata Umbgrove. Vertical section. Locality same as 
above. Middle to Upper Eocene. Plesiotype. X 26. 

Fig. 3.— P. orbitoidea (Provale). Vertical section. Locality same as 
above. Middle to Upper Eocene. Plesiotype. X 18. 

Fig. 4.— P. glabra Umbgrove. Vertical section Locality same as above. 
Middle to Upper Eocene. Plesiotype. X 42. 

Fig. 5 .—Discocyclina dispansa (Sow.) var. minor Rutten. Vertical section. 

East flank of Giralia Anticline where track to Bullara crosses the 
first low bills, N.W Division, Western Australia. Middle to Upper 
Eocene, Plesiotype. X 25. 

Fig. 6.— D. pratti (Michelin). Vertical section. Bed of Creek at Track 
Crossing, 9 miles from Bullara, N.W. Division, Western Aus¬ 
tralia. Middle to Upper Eocene. Plesiotype. X 22. 

Fig. 7 .—Actinocyclina cf. aster Woodring. Vertical section. East flank 
of Giralia Anticline, where track to Bullara crosses first low hills, 
N.W. Division, Western Australia. Plesiotype. X 22. 

Fig. 8 —Asterncychina cf. stellate (d'Archiac). Horizontal section. Bed 
of Creek at Track Crossing, 9 miles from Bullara, N.W. Division, 
Western Australia. Middle to Llpper Eocene. Plesiotype. X 28. 

Fig. 9 .—Discocyclina doweillei (Schlum.). Vertical section. East flank of 
Giralia Anticline where track to Bullara crosses the first low hills, 
N W. Division, Western Australia. Middle to Upper Eocene. 
Plesiotype. Also D. pratti. X 25. 

Fig 10.— D. pratti (Michelin). Vertical section. Bed of Creek at Track 
Crossing, 9 miles from Bullara, N.W .Division, Western Aus¬ 
tralia. Middle to Upper Eocene. Plesiotype. X 32. 
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Notes on Plant Remains from South Gippsland. 

[Proc. Roy. Soc. Victoria, 48 (N.S.), Pt. I., 1935.] 

Art. VI.— Notes on Plant Remains from Narracan and 
Darlimurla, South Gippsland. 

By HELEN T. PATERSON, B.A. 

(With 2 plates.) 

[Read 13th June, 1935; issued separately, 2nd December, 1935.] 

Source of the Material. 

Of the leaf-remains described, some of the specimens were 
collected by Mr. F. A. Cudmore, and presented to the National 
Museum in October, 1919. Others were obtained during 
January, 1934, by the writer. 

Through the courtesy of Mr. Carruthers, access was given 
to the outcrop of plant-bearing beds near Dixon’s Creek, which 
runs east, and joins the 10-mile creek about \ mile below his 
homestead. 

The leaf beds occur near the summit of a high hill covered 
with dense undergrowth, in dark sandstone underlying the Older 
Basalt. Some of the leaf impressions are particularly clear, 
and the venation well-defined. A small collection of leaves 
from this area (Narracan) was earlier described by F. Chapman 
in 1926. 

From the ligneous clay at Darlimurla, Gippsland, some finely 
veined and well-preserved leaf impressions were found by Mr. J. 
Wright in 1882. These specimens were forwarded to the Mines 
Department by Mr. W. H. Ferguson, and by the desire of the 
Director of the Geological Survey, Mr. Baragwanatli, 1 have 
included them in this paper. These leaf beds lie under the Older 
Basalt, and according to Mr. F. Chapman, are probably of 
Oligocene age. 

I. Fossil Leaves from Narracan. 

ANGIOSPERMEAE (DICOTYLEDONES). 

Family STERCULIACEAE. 

Genus Sterculia Linne. 

Sterctdia cf. gippslandica Chapman, fig. 1. 

Sterculia sp. Chapman, 1921, p. 118, pi. xii, fig. 1. 

A gippslandica Chapman, 1926, p. 184, pi. xii., fig. 1. 

Observations.—The present is a distinctly trilobate leaf, mea¬ 
suring 75 mm. long, 68 mm. wide, with margins incomplete; 
petiole thick. 

A fragment of a smaller leaf showing a thick petiole, trilobate 
form and palmate veining, somewhat resembles Ettingshausen’s 
Acer subintegrifolium (1888, p. 159, pi. xiv., fig. 1). 

9260.—5 
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Genus Brachyehiton Schott, 
cf. Brachychiton populneus. R. Brown. Fig. 2. 

Observations.—A well-preserved leaf resembling that of the 
present day Currajong, with an entire margin, ovate lanceolate 
in shape, 75 mm. long and about 30 mm. wide. The petiole was 
apparently long, mid-rib strong, the secondary veins curve, divide 
at the margin, and anastomose with those above. Tertiary veins 
finely reticulate. 


Family FAGACEAE. 

Genus Nothofagus Blume. 

Nothofagus Maideni (Deane). 

Fag us Maideni Deane, 1902, p. 30, pi. vii., fig. 10. 

Nothofagus Maideni Chapman, 1921, pi. viii., fig. 3 Paterson, 1934, 
p. 265, pi. xiii,, fig. 3. 

Observations.—Surface smooth and delicately textured, margin 
finely serrate, mid-rib straight, the lateral veins nearly so and 
end at the points of the teeth. 

Nothofagus "Wilkinson: (Ettingshausen). Fig. 3. 

Fagus Wilkinsoni Ettingshausen, 1888, p. 32, pi. ii., fig. 1. 

Observations.—In size and general characteristics this leaf 
resembles that described by Ettingshausen from Dalton, near 
Gunning, New South Wales. 


Family LAURINEAE. 

Genus Cinnamomum Linne. 

Cinnamomum polymorphoides. var. crassa, nov. Figs. 5 and 6. 

Cinnamomum polymorphoides McCoy, 1876, p. 31, pi. xl., figs. 1-3. 

Ettingshausen, 1888, p. 125. pi. xi„ figs. 3-3 a. Deane, 1902, p. 27, pi. 1, 
figs. 6, 12. Chapman, 1914, p. 90, figs. 61n; idem, 1926, p. 187, pi. 
xiii, fig. 10. 

Observations.—The leaf impressions from this deposit show a 
variety of forms resembling C. polymorphoides. Some repre¬ 
sent a smaller variety than yet recorded, ranging from 1 in. to 
If in. in length, with exceptionally strong venation, and of 
coriaceous character. 

Another good impression (Fig. 4) has affinity to C. Burmanni, 
figured by Deane (1901, PL XXXVII., Fig. 1). Two short 
lateral veins arise from the base, and pass to the leaf edge; above 
these is the characteristic 3-forked venation showing the two 
outer veins that continue to the apex, with small laterals extend¬ 
ing to the margin. The tertiary veining is well marked. Leaf, 
circ. 2 in, lone. \\ in. wide. 
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Genus Cryptocarya R. Brown. 

Cryptocarya aff. australis Deane. Figs. 7, 13. 

Cryptocarya australis Deane, 1901, pi. xxxvii., fig. 6. 

Observations.—The upper and lower surfaces of a narrow 
leaf, 2 in. wide, and well preserved. Three principal veins of 
equal thickness diverge from the base, and run parallel with its 
length. The tertiary veining is tenuous, disposed almost at 
right angles to the midrib. These portions resemble the living 
species figured by Deane as C. australis, but are smaller. 

Several globular shaped fossil fruits varying in size from 
\ in. to circ. \ in. long resemble those of the Species Cryptocarya 
Murrayi and C. Mackinnoniana. 

Family PROTEACEAE. 

Genus Lomatia R. Brown. 

Lomatia Brownii Ettingshausen. Fig. 8. 

Lomatia Brozvnii Ettingshausen, 1888, p. 135, pi. xii., figs. 4-5. Paterson, 
1934, p. 266, pi. xiv., fig. 9. 

Observations.—The specimen shows the upper and lower sur¬ 
faces of a lanceolate leaf , circ. 75 mm. long and 26 mm. wide. 

Lomatia cf. reticulata Deane. Fig. 9. 

Lomatia reticulata Deane, 1902, p. 28, pi. xiv., figs. 8, 9; pi. v., fig. 8. 

Observations.—An incomplete firmly-textured leaf occurs, 
whose characters are similar to this species. Length, circ. 
80 mm. when complete, width 30 mm. Teeth more widely 
spaced and irregular than in L. Brownii. 

Genus Persoonia J. C. Smith. Figs. 14, 15. 

Persoonia sp. 

This shows the inner rough endocarp and the single seed of a 
drupaceous fruit, \ inch long; it compares with dried specimens 
of P. conferta. 


Family MYRTACEAE. 

Genus Tristania R. Brown. 

Tristanites angustifolia Deane. 

Tristanites angustifolia Deane, 1902, p 23, pi. iii., fig. 1, pi. vi., fig. 7. 

Chapman, 1921, p. 118; 1926, p. 185, pi. xii., fig. 5. 

Observations.—-The upper and lower surfaces of a perfect leaf, 
circ. 2 in. long, in. wide, occur here. The leaf is lanceolate 
with an entire edge and oblique base. 

cf. Tristanites muelleri Deane. Fig. 10. 

Tristanites Muelleri Deane, 1902, p. 23, pi. iii., fig. 2. 

An incomplete leaf resembles this species; the lower part shows 
an intramarginal vein, 
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Family MONOMIACEAE. 

Genus Hedycarya Foster, 

Hedycarya latifolia Deane. Fig. 11. 

Hedycarya latifolia Deane, 1902, p. 27, pi. vi , fig. 3. Chapman, 1921, 
p. 118; 1926, p. 186, pi. xiii., fig. 7. 

Observations.—A large ovate leaf occurs, tapering at the base 
and with margins irregularly toothed. The midrib is strong and 
straight and the secondary veins proceed from it at an angle of 
about 50 deg., curving and dividing near the margin, and joining 
the one immediately above. The tertiary veins form a coarse 
network; the texture of the leaf is thick. Length, circ. 80 mm., 
width, circ. 45 mm. 

Family CASUARINACEAE. 

Genus Casuarina Linne. 
cf. Casuarina sp. 

Observations.—Portion of a thin cylindrical branchlet occurs, 
which is longitudinally ridged, circ. 4 mm. wide, with internodes 
2 mm. long. Ettingshausen records a branchlet of C. Cookii 
(1888, p. 107, PI. 9, Figs. 3-3a) in the white pipeclay of Vege¬ 
table Creek. From Sentinel Rock. Cape Otway, Deane records 
a small forked branchlet. (1904, p. 214, PI. XX., Fig. 19). 

Family TAXINEAE. 

Genus Podocai'pus L’Heritier. 

Podocarpus PRAECUPRESsiFORMis. Ettingshausen. Fig. 12. 

Podocarpus praecuprcssiformis Ettingshausen, 1888, p. 100, pi. viii., figs. 
26, 26a. 2 7a. Deane, 1902 (2), p. 6, pi. xvi., fig. 6. 

This specimen shows portion of a rachis or stem with stiff, 
flat, lineal leaves, grouped closely together. These narrow at 
the base, are bluntly pointed, and show a strong median nerve. 

Family LOGANTACEAE. 

Genus Strychnos Linne. 

Observations.—A large globular fruit, 1 in. across, though 
imperfect and flattened, resembles the capsule or berry of 
.S’ tryclinos Nux-i’oin ica. 

II. Fossil Leaves from Darlimurla, Grippsland. 

Family STERCULIACEAE. 

Genus Sterculia Linne 1747. 

STERCULIA cf. GIFPSLANDICA. 

Sterculia yippslandica Chapman, 1926, p. 184, pi. xii., fig. 1. 

Observations.—Two small and a larger portion of a trilobed 
leaf showing the outer ribs reduced to basal veins. 
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Family FAGACEAE. 

Genus Nothofagus Blume. 

Notiiofagus Muellert. Ettingshausen. Fig. 16. 

Fagus Muelleri Ettingshausen, 1888, p. 118, pi. x., figs. 3-7. Deane, 
1902, p. 29, pi. vii, fig. 10. 

Observations.—This leaf impression resembles those from 
Wilson’s Quarry, Berwick, and from Vegetable Creek, New 
South Wales. 

Nothofagus Luehmanni (Deane). Fig. 17. 

Fagus Luehmanni Deane, 1902 (2), p. 30, pi. vii., figs. 5, 6, 7, 9. 

Observations.—Leaves referred to the above species are of 
a smooth texture, ovate, oblique at base, the two sides of the 
lamina unequal. Margins prominently toothed, occurring at the 
end of the lateral veins, and also at intermediate points. Midrib 
and secondary veins straight or slightly curved. Length of leaf 
50 mm.; twice as long as broad. 

These impressions also show characters akin to the existing 
Antarctic Beech, Nothofagus Moorei (F. v. Mueller) figured 
by Maiden (see Forest Flora of N.S.W., Vol. 7, p. 365, 1922). 

Family LAURACEAE. 

Genus Cryptocarya R. Brown. 

Cryptocarya praeobovata Deane. Fig. 18. 

Cryptocarya praeobovata Deane, 1907, p. 3, pi. xxxiv., fig 1. 

Observations.—A fragment of a large leaf, eirc. 3 inches long, 
1 4 inches wide. Apex pointed, surface smooth, margin entire; 
midrib strong, lateral veins vary from opposite to alternate, which 
near the margin curve and turn to meet the next above: tertiary 
veins at right angles to the midrib and coarsely reticulate. It 
agrees in the main with the characters of C. obovata R. Brown, 
but is more tapering at the apex. Deane figures a similar leaf 
from his Paper on Fossil Leaves from the Warrumbungle 
Mountains. 


Family MYRTACEAE. 

Genus Eucalyptus L’Heritier. 

Eucalyptus Kitsont Deane. 

Eucalyptus Kitsoni Deane, 1902, p 25, pi. iv., figs. 5, 6, 7. Chapman, 
1921, p. 118, pi. yiii. fig, 9. Ibid.. 1926, p. 185, pi. xiii„ fig 6. 
Maiden, 1922, p 188, pi, ccxxiii., figs. lQa-r. 

Observations.—Portions of several slender leaves occur in the 
sandstone. One complete leaf is 3 inches long and 10 mm. wide; 
the intra-marginal vein runs near the edge; lateral veins are close 
and proceed from the midrib at an angle of about 40°, 
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Note.—A t the present stage of our knowledge it is impossible 
to ascribe definite ages to all the floras, but so far as possible 
they have been indicated in the last columns of the appended 
tabic by Mr. F. Chapman. 

The plant remains occurring in the dark coloured sandstone 
at Narracan, and the finely grained clay at Darlimurla are 
similar to those of other localities, as Berwick, Bacchus March, 
Pitfield, Bogong, and Pascoe Vale, and show an almost syn¬ 
chronous type of flora. The vegetation somewhat resembles 
that of the present day in warmer latitudes where the conditions 
are warm and moist. The great variety of leaf impressions and 
fruits of the gemts Cinnamomum and allied forms, now tropical 
in their distribution, particularly suggest that a much higher 
temperature then prevailed in Southern Australia than at the 
present day. 

The family Fagaceae belongs to the Antarctic flora, but with 
the variation in climate it has wandered to warmer lands, and 
has been recorded from Vegetable Creek and Gunning, New 
South Wales, Tasmania, as also Victoria. To-day it flourishes 
as far north as the Macpherson Ranges, Queensland, and south 
to the Upper Gloucester River, New South Wales, and is repre¬ 
sented by the stronger foliaged Nothofagus Moorei. with a leaf- 
blade 1 inch to 2\ inches long. In the cool valleys of Victoria and 
Tasmania this persists in Nothofagus Cunninghaml, with a leaf 
blade 3-10ths—1 inch long. These variations in leaf size seem 
to show the effect of a more genial climate. 

In conclusion, I would like to thank Messrs. F. Chapman and 
R. A. Iveble for their advice in preparing this paper, and Messrs. 
C W. Brazenor and A. A. C. Carter who kindly took the 
photographs. 


Table of Tertiary Plant Remains and their 
Distribution in Victoria. 


Order and Genera. 


Locality. Probable Age. 


(By F. Chapman). 

LAURINEAE-Cinnamomum — Pitfield, Bacchus Marsh, Miocene. 

Morwell. 

Narracan, Darlimurla, L. Oligocene. 

Berwick, Pascoe Vale, 

Mornington 

Lauras — Bacchus Marsh. Miocene. 

Dargon Plains, Pascoe Vale.L. Oligocene. 
Cryptocarya — Narracan, Darlimurla L. Oligocene. 


Sterculiaceae -Sterculia — Pitfield, 

Narracan, Darlimurla. 
Bomba. v— Pascoe Vale, Narracan. 

Commerconia Berwick. 


Miocene. 

L. Oligocene. 
L. Oligocene. 
L. Oligocene, 
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Table of Tertiary Plant Remains and their Distribution 
in Victoria— continued. 


Order and Genera. 
Proteaceae -Banksia, 

Locality. 

Probable Ag> 

Dryandra — 

Morwell. 

Miocene. 


Narracan. 

L. Oligocene. 

Lomatia — 

Morwell. 

Miocene. 


Berwick, Narracan, PascoeL. Oligocene. 
Vale. 

Persoonia — 

Sentinel Rock. 

L. Miocene 

Phyllites— 

Sentinel Rock. 

L. Miocene 

Berwick, 

L. Oligocene. 

MYRTACEAE-EllCalyptUS —■ 

Pitlield 

Miocene. 

Berwick, Darlmurla. 
Narracan, Dargo, Bogong. 

L. Oligocene. 

T ristanites — 

Morwell. 

Miocene. 


Berwick, Narracan. 

L. Oligocene. 

Monimiaceae-A/ ollinedia — 

Pitfield 

Miocene. 


Berwick, Narracan. 

L. Oligocene. 

Hedycarya —- 

Berwick, Narracan. 

L. Oligocene. 

Daphnandra — 

Pitfield 

Miocene. 


Berwick. 

L. Oligocene. 

A thcrospcrma — 

Berwick. 

L. Oligocene. 

F agace ae- No thofagus — 

Berwick, Darlimurla, 
Narracan, Pascoe Vale. 

L. Oligocene. 

CASUARINEAE-Co!Ua;-«m— 

Sentinel Rock. 

L. Miocene 


Narracan. 

L. Oligocene. 

Sapindaceae-^ST eph 0 lit.es — 

Pitfield 

Miocene. 

Berwick, Pascoe Vale. 

L. Oligocene. 

Carpolithes — 

Pitfield 

Miocene. 

Berwick. 

L. Oligocene. 

Coniferae-P hyllocladus — 

Morwell. 

Miocene. 

Sentinel Rock. 

L. Miocene 

Dammara — 

Berwick. 

L. Oligocene. 

Ginkgo — 

Morwell. 

Miocene. 

Dargo Plains. 

L. Oligocene. 

Saxifrageae-B 7 einmannia — 

■ Narracan. 

L. Oligocene. 

Eucryphia — 

Pitfield 

Miocene. 

M ore ae -Ficonium — 

Pascoe Vale, Narracan. 

L. Oligocene. 

Ficus -— 

Dargo, Bogong Plains. 

L. Oligocene. 

MAGN0LIACEAE-Mag7l0/m— 

Pascoe Vale, Narracan. 

L. Oligocene. 

Driniys — 

Pitfield 

Miocene. 

HiiAMNACEA ' E .- Pnmadj ’ rris — 

-Pascoe Vale, Narracan. 

L. Oligocene. 

BoRAGINACEAE-Cordifl - 

Pascoe Vale, Narracan. 

L. Oligocene. 

PITIOSPOEEAE - Pittosporum — 

- Pitfield 

Miocene. 

Araliaceae — Panacites — 

Pitfield 

Miocene. 

Apocynaceae- 

Apocynophyllurn— 

-Berwick. 

L. Oligocene. 

Myrsineae -Myrsine — 

Sentinel Rock. 

L. Miocene 

LEGUMINOSEAE-Pll/ffltaea— 

Rubiaceae- 

Sentinel Rock. 

L. Miocene 

Coprosmaephyllum- 

-Sentinel Rock. 

L. Miocene 

Tiliaceae -Aristotclia — 

Berwick. 

L. Oligocene. 

Filices -Lastraea — 

Dargo, Bogong Plains. 

L. Oligocene. 
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Explanation of Plates. 

Plate %/ 

Fig. 1.— Sterculia cf. gippslandica Chapman. Lower surface. Nat. size. 
Fig. 2.—cf. Brachychiton populneus. R. Brown. Nat. size. 

Fig. 3— Nothofagus Wilkinsoni Ettingshausen. Nat. size. 

Fig. 4.—aff. Cinnamomum Burmanni, Deane. Nat. size. 

Figs. 5-6.— Cinnamomum polymorphoidcs McCoy, var. crassa, nov. Nat. 
size. 

Fig. 7 —aff. Cryplocarya australis Deane. Upper surface. Nat. size. 

Fig. 8.— Lomatia Broimii Ettingshausen. Upper surface. Nat. size. 

Plate #:VT 

Fig. 9.— Lomatia cf. reticulata Deane. Nat. size 
Fig. 10.—cf. Tristanitcs Muclleri. Deane. Nat. size. 

Fig. 11— Hedycarya latifolia Deane. Nat. size. 

Fig. 12.— Podocarpus praecnpressiformis Ettingshausen. x. 4. 

Fig. 13.—cf. Cryptocarya sp. Fruit. Nat. size. 

Figs. 14-15.—cf. Pcrsoonia sp Fruits. Nat. size. 

Fig. 16.— Nothofagus Muclleri Ettingshausen. Nat. size. 

Fig. 17.— Nothofagus Luchmanm. Deane. Nat. size. 

Fig. 18.— Cryptocarya praeobovota. Deane. Nat. size. 
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Art. VII. —On Bacterium Solanacearum Smith as the Causal 
Agent of the Brown Rot Disease of Potatoes in Victoria. 

By B. J. GRIEVE. 


[Read 10th October, 1935 ; issued separately, 1st June, 1936.] 

A disease of potatoes known as Brown Rot or Sore Eye has 
been known to occur in Victoria for many years. 

McAlpine (2) recognized that it was bacterial in nature, and 
concluded from a study of the symptoms that it was identical 
with a disease of potatoes in the United States caused by 
Bacterium solanacearum E.F.S. This conclusion was never 
definitely established however, as, although McAlpine sent 
typically diseased tubers to Dr. E. F. Smith in the United States 
of America, they were so badly rotted on arrival that an isolation 
of the causal agent was impossible. 

The same disease has been recorded in other Australian States. 
Tryon (5) described the disease in Queensland in 1894, and, as 
will be noted later, gave a name to the bacterial organism he 
isolated. Darnell-Smith (1), while investigating a bacterial 
disease of tobacco in Mew South Wales, made some isolations 
from Brown Rot infected potato plants, but seemed uncertain 
as to whether the organism isolated was really B. solanacearum. 

This paper offers proof of the pathogenicity of a bacterial 
organism in connexion with Brown Rot of potatoes, and the 
organism is identified. 

Symptoms of the Disease. 

One of thy earliest symptoms on the leaves is a bronzing, which 
is followed by browning, and shrivelling. Later on, leaves and 
petioles show a wilted appearance. On cutting across the stem, 
a whitish bacterial ooze, often becomes manifest. The bacteria 
are seen to be located in the vascular bundles. Young tubers 
show small amounts of soil adhering to them in the -region of 
the eyes. In older tubers, especially in damp soil, the eyes show 
a whitish matter which exudes through the adhering soil. This 
appearance is responsible for the popular name Sore Eye or 
Spewey Eye, On cutting across such an infected tuber, a greyish 
white bacterial ooze is to he seen coming from the bundles. 
Infected tubers on storage undergo a soft rot and give off an 
unpleasant odour. 
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Pathological Histology. 

Transverse sections cut through the stems, roots and stolons, 
show the bacteria to be restricted to the vascular wood elements. 
In older diseased parts, break-down of the wood elements may 
occur, and other tissues may be destroyed leading to the formation 
of cavities containing bacteria. 

The wilting of the plant appears to be in part caused by the 
clogging of the vessels with bacteria. Infection spreads from the 
stem out through the stolons, and the whole vascular ring of the 
tuber shows the presence of organisms. Breakdown of tissue 
occurs in the vicinity of the eyes, the buds being in many cases 
destroyed. The bacteria then ooze out on the surface of the 
tuber in the region of the eyes. 

Isolation of the Organism. 

The causal organism was consistently isolated from the vascular 
system of young infected tubers when they were opened aseptic- 
ally. The organism was also obtained from the bacterial ooze 
on cutting across the stems of wilted plants. Pathogenicity was 
established for potato plants and also for certain other plants as 
detailed later. 

Description of the Causal Organism. 

The organism is a gram negative cocco-bacillus (1 to 1.4/x in 
length x .7n in diameter) which usually occurs in pairs, it is 
motile by a single polar flagellum. 

Colonies appear somewhat slowly on beef agar plates (64 
hours). ITtey are circular, smooth, wet-shining and white in 
colour. On beef agar slopes (pH 7.2) the growth is good. 
The culture shows a white moist growth of a semi-fluid con¬ 
sistency. After some days, a clearing zone develops outside 
the edge of the culture, and outside this again, extending over 
the rest of the agar surface, appears a pale white substance. 
This substance was found to be. soluble in dilute acetic acid. 

The organism is aerobic, since, in agar slabs good growth 
occurs at the surface, and only a little in the depth. Nutrient 
broth showed uniform clouding in 24 to 48 hours, but no pellicle 
was formed, Growth on potato slopes is moist and spreading, 
and is at first of a whitish yellow colour. A very faint brown 
pigment develops after two or three days. Litmus milk shows 
blueing, but no clot occurs There is little or no growth in 
Lschinsky's solution. In the case of two isolations however, 
the organism, which was definitely pathogenic, grew well in this 
medium. In Cohn's solution the organism fails to grow. Colonies 
on gelatine plates are small and white; no liquefaction is observed 
in gelatine for three or four weeks, but. after this time, slight 
liquefaction has been found to occur. Neither acid nor gas is 
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formed in lactose, galactose or saccharose. Some acid is formed 
in glucose after several days’ growth, but this is not constant for 
different isolates of the same organism. Nitrates are reduced, 
but no indol or hydrogen sulphide are produced. The life of 
the organism is short, being two to five weeks, and it very rapidly 
loses its virulence. The thermal death point is 51°C. 

Inoculation Experiments. 

Tire organism was inoculated by needle pricks into the stems 
of healthy potato plants, and the typical disease was reproduced 
after periods ranging from a fortnight up to two months. 

Host Range. 

Artificial inoculations by needle pricks produced a wilt, and 
vascular bacteriosis of garden nasturtium (Tropaeolmn inajus ) 
tomato, castor oil plant, and black nightshade. 

Infection of garden nasturtium leaves was also easily obtained 
by spraying with a suspension of the organism. The incubation 
period of the disease for garden nasturtium under conditions 
favorable for infection, varied between one and three weeks; 
for tomato, seven to twelve days, and for castor oil plants, ten 
to nineteen days. In tomato, the infected petioles showed a 
characteristic downward bending of an epinastic type, while 
adventitious roots appeared on the stem some time before any 
wilting was apparent. The physiology of these phenomena is 
being investigated and the results will be published later. Petioles 
also showed brownish streaks in the earlier stages of the disease. 
Repeated inoculations of tobacco, and sunflower plants, failed to 
produce any symptoms of disease. 

Discussion. 

In its cultural and physiological characters the organism causing 
Brown Rot or Sore Eye of the potato differs from Bacterium 
solanacearum E. F. Smith ('Phytomonas solanaceara (E.F.S.) 
Bergey et ah) in that, (a) no water soluble brown pigment com¬ 
monly forms in colonies on beef agar plates, (b) a slight amount 
of acid is formed in glucose, (c) certain isolates in which the 
organism was pathogenic showed good growth in Uscliinsky’s 
solution. To these differences must be added the fact that the 
organism responsible for Brown Rot of potato in Victoria will 
not infect tobacco. Welles and Roldan (7) have described an 
isolate from Tango (Chrysanthemum coronarium), in the 
Philippines which does not produce brown pigment on beef 
agar, although in its other characters it agrees with B. solana¬ 
cearum. They consider this difference sufficient to call their 
organism a strain. Nolla (3) working on a bacterial wilt of 
Solanaceous plants in Porto Rico found that the organism 
isolated, while agreeing in its cultural and physiological char¬ 
acters with B. solanacearum, would not infect tobacco. This 
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inclined him to the view that he was dealing with a distinct strain 
of the type organism. 

In view of the fact that the organism isolated in Victoria 
shows both these differences as well as a difference in the fer¬ 
mentative properties, it is felt that it should be regarded as a 
distinct strain of B. solanacearuni E.F.S. Darnell-Smith’s 
description ( 1 ) of an organism isolated on one occasion from a 
diseased potato plant agrees essentially with the author's descrip¬ 
tion. It clotted litmus milk, and, after a period of subculture, 
produced acid in glucose and lactose, and bleached litmus milk. 
Uncertain as to the importance of the differences observed, 
Darnell-Smith made no definite pronouncement on the identity 
of his organism. Furthermore, no inoculation experiments were 
described. The organism he isolated from diseased tobacco 
plants showing symptoms of Brown Rot shows rather striking 
differences in cultural and physiological characters from the type 
culture, and suggests a different organism, or at least a widely 
divergent strain. The fact that the organisms he describes from 
diseased tobacco plants, and from diseased potato plants vary 
an their cultural and physiological characters may possibly he 
correlated with the author’s experience here with regard to the 
pathogenicity of the Brown Rot organism, i.e,, its inability to 
attack tol acco, thus suggesting that the Organism attacking 
tobacco in Xcw South Wales is a different strain. As pointed 
out in the introduction to this paper, Tryon (6) in 1894 described 
a bacterial disease of potatoes in Queensland. Without adequate 
proof of its pathogenicity, and without describing it completely, 
he named the organism Bacterium vascularum solan!. After E. 
Smith’s paper in 1896 (4), establishing a bacterial organism as 
the cause of Brown Rot of potato in the United Stales, and 
naming it, after adequate description, B. solanacearuni. 
Tyron (7) in 1899 published a paper claiming priority for his 
name. Smith ( 5) replied that he could not use the name as 
(a) Tryon had not published an exact description of the disease, 
I b) he had not published an exact description of the organism. 
Trvon’s description of the disease tallies in many ways with the 
Sore Eye disease in Victoria, and there seems little doubt that 
lie was dealing with the same disease. Some parts of the 
description would seem to suggest, however, that he was 
examining Black Leg diseased plants as well. The author feels 
supported in his view that such is the case since in Victorian 
potato growing areas where Sore Eye disease is found, Black 
Leg disease also occurs. 

The conclusion arrived at as a result of this investigation is 
that a strain of Bacterium solanacearuni E.F.S. causes Brown 
Rot or Sure Eye of potatoes in Victoria, and that it is highly 
probable that the same, or a slightly different strain, causes 
Brown Rot of potatoes in other States of the Commonwealth. 
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In conclusion, the author wishes to thank Mr. J. T. Ramsay 
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Explanation of Plate. 

Fig. 1.—Naturally infected potato plant showing the wilted appearance 
characteristic of the disease. 

Fig. 2.—Infected tubers showing particles of earth adhering round the 
eyes. This is due to the sticky nature of the bacterial exudate 
from the eves. 

Fig. 3.—Ttther cut in halves to show the bacterial ooze from the vascular 
system. 

Fig. 4.—Microphotograph of a transverse section of an infected stem 
showing the bacteria clogging the wood vessels. 

Fig. 5.—Artificially infected tomato plant. Very marked recurving of the 
petioles occurs before wilting becomes apparent. 
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[Proc. Roy. Soc. Victoria, 48 (N.S.), Pt. II., 1935.] 

Art. VIII.— On the Occurrence of Bacillus Carotovorus Jones 
causing a Soft Rot of Iris in Victoria. 

By B. J. GRIEVE. 

[Read 10th October, 1935; issued separately, 1st June, 1936.] 

In 1933, Iris plants showing a bacterial soft rot of the rhizome 
were brought to the Botany School by a private grower. As 
the plants bad been imported from Germany, it was suspetced 
that the disease had been latent in them, and that was the first 
appearance of the disease in Victoria. In 1934, however. Iris 
germanica plants in the University grounds were found to be 
badly infected with the same disease. The soft rot of Iris has 
since been observed in private gardens around Melbourne. An 
examination of the literature and of Brittlebank’s Catalogue of 
the Australian Fungi and Bacteria (unpublished), showed that 
there was no Victorian record of a bacterial soft rot of Iris. 

Symptoms. 

The first noticeable symptom is a browning and dying of the 
tips of the leaves. Examination of the basal parts of such 
leaves shows a water soaked region, extending upwards from the. 
rhizome. The rhizome, on being cut transversely, is seen to have 
a cheesy consistency, and a cream coloured bacterial ooze comes 
from the cut surfaces. Often, a dark line across the cut surface 
of a rhizome shows the junction of diseased and healthy tissue. 
In transverse sections through leaf bases, large numbers of 
bacteria may be seen filling the wood vessels. These bacteria 
are also to be seen in the intercellular spaces. 

Isolation of the Organism and an Account of its 
Cultural and Physiological Characters. 

The same bacterial organism was consistently isolated from 
infected leaf bases. The disease was reproduced in Iris germanica 
and the organism reisolated. Inoculation of carrot halves with 
the organism also produced a soft rot of the parenchyma tissue. 

The organism was found to be a short rod ( ,6g x 1.5/0. which 
occurred frequently in pairs or chains. The gram reaction was 
negative, and neither spores nor capsules were observed. Active 
motility was shown by the organisms in broth and sterile water, 
and they were demonstrated to possess peritrichous flagella. On 
beef agar plates, the colonies grow quickly, and tnav reach as 
much as one centimetre in diameter. They are white in colour, 
smooth surfaced and glistening, and the edges become rather 
undulate or even fimbriate. Nutrient broth is uniformly clouded 
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in 24 hours, and, after some days, there is a suggestion of pellicle 
formation. Growth in Fermi’s solution and in Uschinskv’s solu¬ 
tion is abundant, both types of media showing dense uniform 
clouding in 48 hours. No pellicle forms in either case. Gelatine 
is not liquefied. Acid and gas arc produced in glucose, lactose, 
saccharose, and galactose. Nitrates are reduced, but there is 
no indol production. The diastatic action is weak. Litmus 
milk becomes acid within a few davs but no clot occurs. 

Discussion. 

The above characters place the organism closest to Bacillus 
carotovorus Jones (1). The differences recorded are as fol¬ 
lows:—(a) non-liquefaction of gelatine, ( b ) failure to produce 
indol, ( c) absence of any definite diastatic reaction. 

Only the last of these characters has not previously been 
recorded as a divergence from the type. Liquefaction of gela¬ 
tine is not constant for the species, and Stapp (2) in 1928 
working with a culture of B. carotovorus, concluded that no indol 
was produced. The organism isolated is therefore considered 
to be Bacillus carotovorus Jones. 

Bibliography. 

1. Jones, L. R., 1901.—A soft rot of carrot and other vegetables caused by 

Bacillus carotovorus Jones. Vermont Agr. Expt. Sta. Report, 
xiii.: pp. 299-332. 

2. Stapp, C., 1928.—Die Schwarzbeinigkeit und Knollennassfaiile der 

Kartoffel. Arb. aus der Biol. Reichsanstalt fiir Land, und Forst., 
xvi.: pp. 643-703. 

Explanation of Plate. 

Fig. 1.— Iris (jcrmanica plant showing the browning at the tips of the 
water soaked soft rot area at the base. 

Fig. 2.—Rhizome of Iris cut transversely to show the brownish black band 
delimiting the lower diseased part from the upper healthy part. 
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[Proc. Roy. Soc. Victoria, 48 (N.S.), Pt. II., 1935.] 
Art. IX.— Pitting Disease of Bananas in Australia. 


By SHIRLEY HOETTE, M.Sc. 

[Read 10th October, 1935; issued separately, 1st June, 1936.] 

Introduction. 

Pitting disease of bananas, known as the cause of serious 
wastage in Brazilian fruit, has keen found to occur in Australia 
and to lie caused bv the same fungus, Piricularia grisea (Cke.) 
Sacc. 

Historical. 

Pitting disease was first recorded on Brazilian bananas by 
Tomkins (4), who isolated a species of Pestalozzia from the 
spots but failed to re-intect bananas. Wardlaw and McGuire (6) 
also investigated the disease on Brazilian bananas, on the 
Cavendish, Giant big, and Silk varieties, and they were more 
successful, isolating repeatedly from young pits the fungus 
Piricularia grisea (Cke.) Sacc. 1 hey had isolated the same 
fungus in 1931 from Trinidad bananas said to be suffering from 
fruit spotting (5) which only occurred in one consignment, in 
a chilling experiment. It was not until 1933 that Wardlaw and 
McGuire (7) recorded pitting to any extent on Trinidad bananas 
(on the Dwarf, Cavendish, Giant Governor, and Gros Michel 
varieties). The disease does not, however, cause a great deal 
of wastage in fruit front the West Indies, whereas it is a source 
of serious loss in bananas transported from Brazil to Europe. 

It was suggested by both Tomkins (4), and Wardlaw and 
McGuire (5) that the disease might be initiated by the bite of 
a fruit bug, making it possible for the fungus to gain entrance 
through the wounds, fhe latter workers drew attention to a 
rather similar fruit-spotting recorded for Queensland by \ eitch 
and Simmonds (8), caused by the attack of the fruit bugs, 
Pcndiilina fusecscens Dist. and P. lutcsccns Dist. From their 
illustration, the spots appear much deeper and larger than those 
in pitting disease, but it is possible that smaller injuries caused 
by these insects on more mature green fruit could provide a suit¬ 
able point of attack for the fungus Piricularia grisea. 

Pitting has been known to cause slight damage on Cavendish 
bananas from Queensland for several years, but, until now, the 
fungus had not been isolated. The first attempt's, made in 
Brisbane in 1932 merely yielded organisms such as Glocosporium 
musanun, Glomcrclla cinguluta and Pusarmm spp. After noting, 
in the account of Wardlaw and McGuire, that Piricularia grisea 
is an extremely slow-growing organism, and that secondary 
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organisms rapidly invade and overgrow the spots, more care was 
taken in selecting young spots and in removing the surface layers 
of the skin. Greater success resulted, and isolations were made of 
a fungus corresponding with the description of Piricularia grisea 
(Cke.) Sacc. 


Description of the Fungus. 

It is a very slow-growing organism with short, fioccose aerial 
mycelium, at first white, hut later turning grey. Colourless, 
pear-shaped couidia are scattered over the surface of the aerial 
mycelium on rather long, narrow, sparingly branched, septate, 
colourless conidiophores (Fig. 1). The couidia, which are non- 
septate when young, become usually 2-septate, occasionally 


a 



Fig. t.—a. b, Immature couidia of Piricularia grisea; c, d, Mature couidia ; 
e, conidiosphore. X 325. 

3-septate when mature, and measure 17-34/1 x 6-10/x. the average 
being 23,u x 8/x. The submerged hyphae tend to be much branched, 
with short swollen protuberances. 

Cooke (1) first recorded the fungus under the name Triehb- 
thecium griseum Cooke. Saccardo (2) however, recognized that 
it was wrongly placed in the genus Triehothecium, and created a 
new genus, Piricularia Sacc.. with P. grisea (Cke.) Sacc., as the 
type species (3). 
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Wardlaw and McGuire have stated that their fungus agreed 
completely with Saccardo’s description, although their measure¬ 
ments for the conidia were considerably larger than those of 
Saccardo. 

Wardlaw and McGuire .. 24-29/a x 10-12/a. 

Saccardo . . . . 18/ax 9/a. 

The conidial measurements for the Australian fungus fall 
between those of Saccardo, and Wardlaw and McGuire, the range 
being 17-34/a x 6-10/a, and the average 23/a x 8/a. 

Several other species of Pirintlaria, viz., P. parasitica Ell. et 
F.v., P. scripta (Bon.) Sacc., and /'. Orysae Cav., have been 
recorded, but the descriptions show only slight differences from 
P. grisca, and it is difficult to state, without examining material 
and cultures, why they should have been placed as different 
species. It seems best, therefore, in spite of the discrepancy 
in the size of the conidia, to place the Australian fungus in the 
species P. grisca (Cooke) Sacc. 

Symptoms. 

(Plate IX.) 

I he disease is found during the colder months of the year, and 
is recognized by the following symptoms : small brown pin-point 
spots surrounded by a narrow water-soaked area appear scattered 
over the whole concave surface of the finger, and stalk of the 
green banana. A difference is noted here from the pitting on 
Brazilian fruit, where, in the majority of cases, the spots appear 
on the cushion and finger stalk only, and very occasionally over 
the general surface of the banana. The brown spots enlarge 
up to 2-4 mm. in diameter, become sunken and develop a small 
white centre due to the mycelium of the fungus. It is seldom 
that the spots become much bigger, unless they are badly attacked 
by other organisms, a symptom also characteristic of the pitting 
described by Wardlaw and McGuire. Even after ripening, the 
largest spots do not exceed 5 mm. in diameter. 

In Australia, the pitting is seen in the plantation before picking, 
while the bananas are still on the plant, and becomes only slightly 
exaggerated during transport and ripening. In Brazilian and 
Trinidad fruit, however, no sign of the spots is to be observed 
at picking, and they only commence to appear during the cold 
storage period. 

Infection. 

No investigations cn the sources of infection have been made 
in Australian plantations, but it would seem probable that the 
spores of the fungus are washed down by the rain on to the 
bananas from the "transition " leaves and bracts, as is the case 
in Brazil and Trinidad. The fact that the pits are confined 
to the concave side of the banana, i.e., the side which faces 
upwards on the bunch, supports this view. 
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Summary. 

1. Pitting disease is found to he caused by the fungus Pin¬ 
cut aria grisea (Cke.) Sacc., which produces the same disease in 
America 

2. Previous work on the disease is discussed. 

3. The fungus is described. 

4. The symptoms of the disease are shown to be very similar 
to those on Brazilian and West Indian bananas. 

5. No investigations have been carried out in the plantation 
in Australia. 
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[Proc. Roy. Soc. Victoria. 48 (N.S.), Pt. II., 1935.] 

Art. X.— Notes on the organisms causing Brown Rot of Citrus 
Bruit in Victoria, Australia (Phytophthora citrophthora 
(Sm. & Sni.) Leon & P. hibernalis Carne). 

By e. i. Mclennan. 

[Read 10th October, 1935; issued separately, 1st June. 1936.1 

Brown rot affecting Citrus fruits (oranges, grape-fruit, cum- 
cjuots and mandarins) was first recorded for Victoria, Australia, 
by Brittlebank(l), the fungus concerned was identified by him 
as similar to Pythiacystis citrophthora Smith and Smith. This 
record was not accompanied by any description or figures of the 
pathogen. Leonian (2) has since transferred this fungus to the 
genus Phytophthora, and it is now generally known as Phythoph- 
thora citrophthora (Smith and Smith) Leonian. Cole (3) stated 
that lemons appeared to be immune from attack although growing 
in close proximity to diseased orange fruit. In 1925 Carne 
(4, 5, 6 ) described the organism which he believed to be respon¬ 
sible for Citrus brown rot throughout Australia. He considered 
it to be a new species of Phytophthora, named by him P. 
hibernalis* He states (5) " the disease in Victoria agrees in 
field symptoms more closely with the Western and South Aus¬ 
tralian disease than it does with the Californian. In the absence 
of any detailed mycological evidence to the contrary the writer 
considers that he is justified in regarding all Citrus brown rot 
in Australia as being due to P. hibernalis.’' In 1928 (6), how¬ 
ever, he recorded P. citrophthora ns undoubtedly present in 
Western Australia although he suggested that its occurrence is 
apparently rare. 

A laboratory examination of Victorian lemon and orange fruits 
attacked by brown rot has been made during 1931, 1932. and 
1933. Specimens were obtained from various sources in the 
State and the associated pathogen isolated on numerous occasions. 
The results show that both P. citrophthora and P. hibernalis are 
present in V ictoria, that both cause practically identical symptoms 
on the decaying fruit, and that the particular fungus causing the 
rot can only be identified after isolation, and detailed examination. 
P. citrophthora was obtained constantly in the autumn isolations 
( March, April, May, June), while P. hibernalis also appeared in 
the spring months (September, October), particularly from the 

* Tucker (9) considers that Carne's organism is identical with P. syringae Klebs. 
Professor Fawcett, however, in correspondence suggests that there is some doubt nbout 
flie culture obHi’ned by Tucker as P. aj/ringac Klebs Before receiving this statement 
from Professor Fawcett an attempt, was trade to procure standard cultures of 
V. ttyrinyae from Bourn for comparison with P hibernalis; however, although in all 
ten cultures of P. tty ring ae were sent, to me at different periods of the year not one 
culture was viable on arrival in Melbourne. P. syringae has a low temperature 
maximum for growth and evidently passage through the tropics killed this fungus. 
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orange. As brown rot of the fruit is more prevalent in Victoria 
in the autumn, P. citrophthora may be looked upon as the more 
important pathogen in this State.t (Text-fig. 1.) 



Fig. 1.— A. Phytobhthora citrophthora —sporangiophore and sporangia. 

X 200. 

B. P. hihernalis —sporangiophore and sporangia. X 200. 

Comparison of the Cultural Characters of 
Australian Isolations with a Standard Culture 
of P. citrophthora (Sm. & Sm.) Leonian. 

A culture of P. citrophthora (Sm. and Sm.) Leon, was 
obtained through the kindness of Dr. Waterhouse, N.S.W It 
came originally from the University of Minnesota. At the same 
time he sent me a form which he had in culture, and which had 
been isolated by him from orange fruits from Queensland. These, 
as well as the Victorian isolations from lemon, were grown in 
culture, and the type of growth, and morphological characters 
of each were compared. On solid culture media, the Queensland 
and Victorian fungi appeared to be very similar, but they differed 
in some respects from P. citrophthora (American isolation) as 
is shown in the following table. Descriptions taken from cultures 
six days old. 

t Brown rot of Citrus in N.S.W. is considered to be duo to 1\ hihernalis Carne, as the 
following - data supplied to mo through the courtesy of Dr. Noble, May, 11)32. show: — 

The N.S.W. organism was first isolated in May. 1928. from orange fruits affected 
with brown rot. Nu detailed work lias been attempted with it, but it corresponds 
very closely with Car lie’s description of P. hihernalis and with a sub-culture of his 
which we had through Dr. Waterhouse. The organism has since then been isolated 
readily ami repeatedly in the autumn of each year, but there are no records of 
attempted isolations in the sj ring, the symptoms ou the fruits usually being considered 
sufficient for diagnosis.” 

14867.—2 
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Medium. 

P. citrophthora. 

Victorian Isolation. 

Queensland Isolation. 

Potato — dextrose 

Diameter of colonv 6 cm. 

Diameter of colonv 4 - 75 cm. 

Diameter of colony 

agar (as used by 

Aerial mycelium conspic- 

Aerial growth pool. By 

4‘ 5 cm. Aerial 

Oarne (5) ) 

nous. Cultme silky in 
appearance progressing 

outwards by fan-like 
sectors. Edge fibrtUosc 

transmitted light the 
culture a ppeared gran¬ 
ulated, the more opaque 
patches correspond with 
small areas of aerial 
mycelium. Two distinct 
concentric zones present, 
edge fibrillose 

growth poor, and 
cultute similar to 
the Victorian isola¬ 
tion 

]V1alt agar (Plate X, 

Diameter of colonv AS cm. 

Diameter of colonv 4’5 

Identical with Vic- 

flu. 3) 

Margin of culture some¬ 
what uneven as advancing 
over agar in t'an-like 
manner, Silky-smooth 

growth, on a white back¬ 
ground the culture 

appeared white, not. 

sodden 

cm. Culture expanding 
evenly over auar. Growth 
flat, appresscd granular 
appearance < xtending 

from centre through a 
diameter of approximately 
1-5 cm, on a white back¬ 
ground, colory appeared 
sodden, almost butf- 
rolrmrmi 

torian form 

Oat agar 

Diameter of colony (> cm. 
Cobwebby aerial growth 
extending ovf*r colony 
except (P5 cm. around 
the margin 

Diameter of colony 6 cm. 
Very similar to P. citroph¬ 
thora. but margin devoid 
of aerial mycelium not so 
distinct 

Identical with Vic¬ 
torian form 


When inoculated into sterile prune juice, a further difference 
between the standard cultures of P. citrophthora and the Aus¬ 
tralian isolations may be noted. Two to three weeks after an 
inoculum has been placed in a tube containing prune juice, to a 
depth of 5 cm., the former grows through the medium and reaches 
the surface of the liquid, while the latter remains restricted in 
its growth, and only extends through approximately 2.5 cm., 
the upper portion of the liquid being free from fungal growth. 
(Plate IV., Fig. 1). This result has been noted repeatedly, 
and, together with the differences shown in their growth on solid 
media, suggests that the Australian form is not identical with 
the Californian organism, although morphologically they are 
indistinguishable, and agree in the type and manner of sporangial 
formation and lack of sexual organs. 


Some Morphological and Physiological Features of 
P. citrophthora and Allied Forms Isolated from 
Citrus in Australia. 

The general structural features of P. citrophthora have been 
described in detail by many workers, and my observations are in 
accord with the published accounts of this organism, with perhaps, 
a few exceptions. Smith (7) illustrates the formation and 
escape of the zoospores from the sporangia of P. citrophthora. 
They are shown escaping directly from the Sporangium. How¬ 
ever. on numerous occasions in the present investigation, the 
formation of a vesicle by the sudden extrusion of the papilla, 
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and the passage of some of the zoospores into this structure has 
been observed. The vesicle remains intact, and is visible -with 
careful focussing for an appreciable time; then, when distension 
has apparently reached its limit, the vesicle bursts and the 
zoospores actively swim away, continuing in motion under the 
coverslip fur ten minutes or so, but they soon attach themselves 
to the glass, round off, and germinate immediately, by putting 
out one or more germ tubes. The outline of the, zoospores in 
the sporangium is discernible before vesicle formation occurs. 
A similar type of germination of the sporangium occurred in 
the Australian isolations (Fig. 2). Although Smith and 
Smith (8) reported that no chlatnydospores ever developed in 
cultures of P. citrophthora, these were reported by Tucker (9), 
and have been found by the writer in abundance, particularly in 
old liquid cultures. The majority were produced terminally, 
they were spherical, and measured on an average 28//, (Fig. 2h). 


A 


Fig. 2. — P. citrophthora (American strain) A-G sporangium at various 
stages of germination 

A, at 12.25 p.m., B, 12.45 p.m., C, 1.5 p.m,, D, E, F, G, at rapidly 
succeeding' intervals, H, Chlamydospores from a prune juice 
culture set up April, 1932, examined September, 1932. X 200. 





Tucker (9) discusses /’. citrophthora and makes the following 
statement:—“ The data show that the three isolations ( P. citro¬ 
phthora, Nos. 154, 221. and 222) are very similar in respect to 
the morphology of sporangia and chlamydospores, and in patho¬ 
genicity, but they do not reveal any character by which P. citro¬ 
phthora may be separated from P. palmivora, some strains of 
which produce sporangia sparingly, and both sporangia and 
chlamydospores which do not differ much in size or form from 
those of P. citrophthora. The presence of a pedicel on fallen 
sporangia is another common character of both species. 
Examination of the temperature relations shows that the three 
isolations of P. citrophthora grew less rapidly at 30°C. than at 
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27.5° and 25°C. and no growth occurred at 32.5°C.; all three 
made some growth at 5°C. P. palmivora characteristically 
developed at 32.5°C. but not at 5°C., and grew most rapidly at 
27.5° and 30°C. The differences in response to temperature 
are not large, but the constant behaviour of ihe isolations of 
F. citrophthora indicate that the species cannot be, considered 

identical with P. palmivora .The differences in 

the abilities of the groups to grow at 32.5°C. and 5°C., the 
optimum growth of P. citrophthora at 25-27.5°C. and of P. 
palmivora at 27.5-30°C. t indicate essential differences in the 
protoplasm of sufficient importance to justify the maintenance 
of P. citrophthora as a species.” 

Tucker goes on to suggest that Phytophthora spp. isolated from 
Citrus in various geographical regions may have been referred 
to P. citrophthora when a more careful investigation might reveal 
them to be P. palmivora, and in this connexion states that he has 
examined isolations from Porto Rico, Australia. Pormosa, and 
the Philippines without finding one which agreed with the Cali¬ 
fornian fungus. The origin of the Australian form handled by 
Tucker is not given. 

Since the isolations from Citrus made by the writer, although 
similar to one another, differed from the Californian isolation 
in some cultural characters they were next compared with 
isolations of P. palmivora obtained from the Centraalbureau voor 
Schimmelcultures, Baarn. One of these (No. 99) was isolated 
from cocoanut, another (No. 100) from Cacao, and both belong 
to the “ rubber ” group of P. palmivora. Malt agar and corn- 
meal agar plates were inoculated from young actively growing 
colonies of the Victorian fungus, the Queensland fungus, P. 
citrophthora (Californian isolation), and Nos. 99 and 100 (P. 
palmivora). The plates were prepared in triplicate for each 
form and were incubated at 5°C. and at 32°C. for five days. 


Inoculum. 

5° C. Diameter in mm. 

A 

32° C. Diameter in mm. 

r 

Oat. 

Malt. 

Oat. 

Malt. 

P, citrophthora 

1-0 

0-5 



Victorian isolation 

1 -o 

0-5 


. . 

Queensland isolation . . 

10 

0-5 


. . 

P. palmivora (No, 99) 



25.0 

18-0 

P. palmivora (No. 100) 



17.5 

15 0 


This experiment was repeated several times and in no case was 
any growth obtained with the Australian fungi on the plates 
incubated at 32°C. Since both Nos. 99 and 100 represented the 
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“ rubber ” group of P. palinivora in a later experiment, a culture 
of P. palmivora (“cacao” group) was substituted for 99, but 
exactly comparable results followed. 

Those plates which showed no growth at either 5 or 32°C., 
when removed from the incubators, were left at room tem¬ 
perature (approximately 16°C.) for some days. The inocula 
were still viable, for growth commenced, and vigorous mycelial 
development occurred. For instance, on 31.10.34 several dishes 
inoculated with P. citrophthora, and the Victorian isolation, were 
placed in an incubator at 32°C. On 7.11.34 no growth had taken 
place. They were then removed, and placed at room tempera¬ 
ture and, by 19.11.34, the mycelial mat measured 8.4 cm. in 
diameter. 

As Tucker considers that the temperature relations of P. 
citrophthora and P. pahnivora establish a constant difference 
-between these two species, the Australian isolations should be 
regarded as a strain of P citrophthora. 

Adam (10) included P. citrophthora in a list of fungi isolated 
from oranges in cool store, and stated " the presence of the 
diseases, brown rot due to the fungus P. citrophthora. and the 
cottony mould Sclcrotina Libcrtiana, should be noted. The 
possible serious consequences of these diseases in storage pro¬ 
blems, as shown by experience elsewhere, demand that they should 
receive attention in the grove, &c.” The fruit had been stored 
at temperature equivalent to 0°, 1.1°, 2.8°, 3.9°, and 4.4°C. In 
correspondence with Mr. Adam he informed me that the identi¬ 
fication of the fungus he referred to as P. citrophthora was based 
on grounds which would not exclude the possibility of the fungus 
being /’. hibcrnalis or indeed any other Phytophthora sp. 

* Further evidence that the Australian fungi should not be 
regarded as strains of P. palinivora was obtained when these 
isolations were opposed to strains from the “ rubber ” and 
“ cacao ” groups of P. palinivora. Jn the dishes where the 
“ rubber ” and “ cacao ” strains were mated, sexual organs typical 
of P. palinivora could always lie obtained, but in no case did sex 
organs occur when the various Australian isolations were tried 
against both strains of P. palinivora. 

Summary. 

1. Isolations of a Phytophthora made from Citrus fruit affected 
with brown rot have been compared with a standard culture of 
P. citrophthora (Sm. & Sm.) Leon., and although certain cultural 
differences were noted, they are considered to be strains of this 
Californian fungus, and not P. palinivora as suggested by Tucker. 

2. Both P. citrophthora and P. hibcrnalis were isolated in 
Victoria. The former pathogen, however, appears to be much 
commoner, and was the only species isolated from Citrus during 
the autumn months. 
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Explanation of Plate. 

Plate X. 

Fig. 1.— (a) Australian strain of Phytophthora citrophthora in prune 
juice, culture 3 weeks old. 

( b ) American strain of the same species, culture same age as in a. 
Fig. 2.— P. citrophthora. American strain on malt agar. 

Fig. 3.— P. citrophthora, Australian strain on malt agar. 








Pkoc. R. S. Victokia, 48 (2), 1935. Plate X. 
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Art. XL — The diagnosis of some wood-destroying Australian 
Basidiomycctcs by their cultural characters. 

By LYLY D. REFSHAUGE, M.Sc., and EUNICE M. 
PROCTOR, M.Sc. 

[Read 10th October, 1935; issued separately, 1st June, 1936.1 
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Introduction. 

The aim of this work has been to determine accurately the 
cultural characters of a number of wood-destroying fungi, and 
from such data to build keys for the identification of these forms 
in the laboratory. The following fourteen fungi have been 
studied. 


Family Thelephoraceae. 

Stereum iliudens Berk. 

Stereum lobatum Fries. 

Stereum vellereum Berk. 


Family Polyporaceae. 

Fames Clelandi Lloyd. 

Fomes hemitephrus Berk 
Fomes robustus Karst. 

Ganoderma applanatum (Pers.) Pat 
Pnlyporus anthracophilus Cooke. 

Polyporus ctrcularius (Batschl Fr. 
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Polyporus gilvus Schwein. 

Polyporus rhipidium Berk. 

Polystictus versicolor (Linn.) Fr. 
Trametcs lilacino-gUva (Berk.) Lloyd. 
Tiametes ochrolcuca (Berk.) Bres 


Methods and Technique. 

All forms were grown on the, following media:— 

Medium A. —Malt agar. 17.5 grams agar, 25 grains malt. 
1 litre water. 

Medium B. —Potato-dextrose agar, prepared as follows :— 
400 grams of sliced potato and 1 litre of distilled water 
are steamed for 40 minutes at 15 lbs. pressure and 
strained. 25 grams of agar are added and the whole 
is made up to 1 litre by adding distilled water. This 
is sterilized. 15 grams of dextrose are added, and 
this is tubed. The autoclave is heated until it 
steams before the tubes are placed in it, to prevent 
the decomposition of sugar from the action of heat. 

Medium C.— Czapek’s synthetic agar (modified) (4). 

Medium D. —Czapek’s synthetic agar with malachite 
green 0.5 grams magnesium sulphate, 1.0 grams mono- 
potassium phosphate, 0.5 grams, potassium chloride, 
0.01 grams ferrous sulphate. 2.0 grams sodium nitrate, 
30.0 grams dextrose, 25.0 grams agar, 0.07 grams, 
malachite green, 1 litre distilled water. 

As this work was fur comparative purposes, the tubes which 
were used to make slopes of the various media were all of the 
same size. They measured 6 inches x f inch, and the agar 
before sloping had a depth of 2 inches. 

Inoculations were made from young cultures grown on malt 
agar, from stock cultures. Five slopes of each medium were 
inoculated with each species, i.e., 20 cultures were grown of each 
form; and the inocula were as nearly as possible of the same 
size, and were placed 3 inches from the base of the slope. 
Observations were made every three or four days at the beginning, 
and later every seven days; and were carried over a period of 
31 days. The cultures were incubated at 25°C. The rate of 
growth was measured from the edge of the inoculum to the 
edge of the mycelial growth towards the base of the slope, and 
the colours were matched with Ridgway's colour charts (11). 

Microscopic examinations were made of 9-12 day old cultures 
of the fourteen fungi grown on malt agar plates. Notable fea¬ 
tures were recorded by means of camera lucida drawings. 






107 


IVood-destroying Basidio m ycetes. 


Cultural Characters. 


J 

Age- 

days. 

- 

Extent of growth. 

Type of growth. 

Colour of mycelial 
mat. 

Colour of reverse. 

' 1 





A 

A 


B 

C 


1) 


A 

A 

A 

B 


C 


D 

A 

A 

A 

B 


0 


T) 


Steven m ill miens Berk. 


8 

Surface of medium not 

Water - soaked ap¬ 

White and downy in 
places 


covered (1" growth) 

proved with downv- 
Hoccose patches 

12 

Surface of medium 
covered 

St r a gg ly a p pressei 1 - 
downy growth With 
downy - fioccoso. 
patches' 

Straggly growth 

white; downy- 

fioccose patches 

ochracoons salmon 

31 

Surface of m'dimm 
covered 

•V cm ro'/s downy-floc- 
cwq patches; 

strayyly r/mwl.h still 
present 

Downy - floccose. 
patches ochraeeo "s 
salmon to salmon ; 
stmyyly yrowth white 

31 

Surface 'of medium 
covered (from 12th 
day) 

Downy - floccose 
patches growth 

straggly as on malt 

Salmon to apricot - 
buff ; sleeper colour 
than on malt 

31 

Surface of medium 
not covered 

Downy 

Mustard yellow to 
salmon with the, 
advancing edge 

white 

31 

Very little growth pre¬ 
sent 

Steve um lobatum Fi 

White 

ies. 

8 

Surface of medium not 
covered (1" growth) 

Downy with appressed 
edges and small 
fioccoso patches 

White with yellow- 
brown inoculum, 
floccose parts white 

12 

Surface of medium 
not quite covered 

Woolly-floccose 

White tinged with 
antimony yellow 

31 

Serf ace of mcdi'tm 

covered- (from 14th 
day) 

f 1 '(tolly- flOCCOSe to felly 

White tinr/ed with 
honey yellow to 
tawny yellow 

31 

Surface of medium 
covered (from nth 
day) 

Woolly - floccose to 
woolly 

White at the edges 
and tawny olive in 
the centre with rus¬ 
set drops of mois- 
ture 

31 

31 

Surface of medium 
covered (from 20th 
day) 

Growth very faint 

Woolly - floccose to White tinged with 
woolly tawny olive 

S ter earn velleveum Berk. 

8 

Surface of medium not 
q«Ste covered (2 7 
growth) 

Cobwebby 

White 

12 

Surface of medium 
covered (from 10th 
day) 

Cobweb by-woolly .. 

White tinged with j 
straw yellow 

31 

Surface of nwdi")n 
covered, (from 10th 
day) 

Woolly 

White tinc/ed with 
cream yellow 

31 

Surface of medium 
covered (from 10th 
day) 

Woolly 

White faintly tinged 
with cream yellow 

31 

Surface of medium 
covered (from 14th 
day) 

Woolly .. 

Dirty white (colour 
not intense enough 
to he matched 
with Itid g wav's col¬ 
our chart ( U) ) 

31 

Small amount of 
growth present (£") 1 

Woolly .. 

White 


Kaiser brown 


Kaiser brown 


Oranye cinnamon 
to kaiser brown 


Cliesimifc 


Chestnut 


Decolourized com - 
pletely (from 
the 19th day) 


Sudan broom to 
amber brown 


Amber brown to 
argus brown 


Jiusset 1 irown 

(from 28th day) 


Argus brown 





















Medium. 
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Cultural Characters— continued. 


Age- 

days. 

Extent of growth. 

Type of growth. 

Colour of mycelial 
mat. 

Colour of reverse. 



Fames Clelandi Lloy 

d. 


8 

Surface of medium not 

Felty with velvety 

brown on inoculum; 



covered growth) 

edges 

the remainder white 


12 

Surface of medium not 

Felty with velvety 

Drown immediately 



covered (|" growth) 

edges 

surrounding the 

inoculum ; the re- 





mairider white 


31 

Surface of medium 

Felty with velvety 

Mummy brown with 



covered (from 23th 

edges 

white edges and 



day) 


chestnut drops of 
exudation 


31 

Surface of medium 

Feltv with velvetv 

Mummy brown to 



covered 

edges 

russet brown with 
white edges 


31 

Surface of medium not 

Woolly to felty with 

Light ochraceous lmff 

Chestnut 


covered (1£" growth) 

appressed edges 

to tawny buff with 



w hite edges ; chest¬ 
nut drops of exuda- 







tion 


3L 

Small amount of 

Felty 

Mummv brown with 

Decolourization to 


growth present (j" 

white edges 

a small extent 


growth) 



near margin o f 
colony 


Fames hetnitephrus Berk. 


8 

Surface of medium not 

Downy - appressed ; 

Downy parts white, 



covered (Y growth) 

the appressed parts 

appressed parts 



moist looking and 
the edges downy 

colourless 



: 12 

Surface of medium not 

Downy - appressed ; 

Downy parts white, 



covered (If" growth) 

the edges downy 

appressed parts 



and the appressed 
parts moist looking 

colourles* 



31 

Surface of medium 

Downy (the appressed 

White 



covered (f-om 19th 

moist parts on the 




day) 

28th day replaced by 
downy patches) 



31 

Surface of medium 

Thick woolly : drops 

White 

Dresden brown 


covered 

of moisture sum- 





pended in mycelium 
giving pitted ap- 





pea ranee 



31 

Surface of medium not 

Appjossed with 

White 

Black 


covered (f^ growth) 

downy edges anil 
wrinkled medium 



31 

Surface of medium not 

Moist appressed ami 

White 

Decolourized (from 


covered (l* growth) 

patches of downy 
growth 


8th day) 


Fumes robustus Karst 



! 8 

Surface of medium not 

Dowuv with ap- 

Buckthorn brown 

Amber brown 


covered (Y growth) 

pressed edges 

with white edges 


' 12 

Surface of medium not 

Downv with pitted 

Ocliraivuus tawny to ; 

Chestnut 


covered (Y growth) 

inoculum 

buckthorn brown ; j 
edges white 


31 

Surface of medium not 

Woolly with downy 

Ochraceous tawny to 

Chestnut 


covered 

edges 

cinnamon brown 

with warm buff , 





edges, and chestnut 
drops of ■■ nutation 
suspend a! in the 1 





mycelium 
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Cultural Characters— continued . 


B 


C 


D 


Age—- 
days. 

Extent of growth. 

' 

Type of growth. 

Colour of mycelial 
mat. 

Colour of reverse. 

! 


— - 



Fomes robustus Karst— continued. 


31 

Surface of medium not 
covered 

Woolly . 


Aerial hyphae warm 
buff and the re¬ 
mainder oehraceous 
tawny to cinnamon 
brown 

Cinnamon brown 
to chestnut 

31- 

Surface of medium not 
covered ; rate of 
growth slow (|" 
growth) 

Appressed - downy 
with numerous 

patches of short 
mycelium near base 
of slope 

Oehraceous buff to 
orange, with white 
patches of short 
mycelium. 

Dark greenish 

olive 

31 

Very slight growth 
restricted to the 
inoculum 



Chestnut brown 



Ganoderma applanatum (Pers.) Pat. 


A 

8 

Surface of medium not 

Powdery .. 

White 



covered (Y growth) 


A 

12 

Surface of medium not 

Appressed with zon¬ 

White with faint tint 



covered (Y growth) 

ing present 

of yellow near ino¬ 
culum 

A 

31 

Surface of medium 

Powdery to felly with 

White tinged with 



covered (from 20th 
day) 

shattering of medium, 

baryta yellow 

B 

31 

Surface of medium 

Felty witli shattering 

White tinged with 



covered (from 20th 

of medium 

buff yellow and 



day) 


baryta yellow 

C 

31 

Surface of medium not 

humpy growth in 

White tinged with old 



quite covered 

centre around 

Which medium 

wrinkled 

gold 

D 

31 

Surface of medium not 

Downy 

White 



covered (1£" growth) 




Polyporus anthracophilus Cooke. 

A 

8 

Surface of medium not 

Downy with appressed 

White 



covered (Y growth) 

edges; appressed 
parts silky in some 





cases 


A 

12 

Surface of medium not 

Downy-appressed .. 

White tinged with 



covered (|" growth) 

warm buff, edges 
white 


A 

31 

Surface of medium not 

Downy ; with pitted 

White tinged with 



covered 

lumps of mycelium 

warm buff 

B 

31 

Surface of medium not 

Powdery to felty 

Cinnamon with white 



covered (it" growth) 

with pitted lumps 
of mycelium 

edges 

C 

31 

Surface of medium not 

Downy with pitted 

White tinged with 

D 


covered ( 1 |" growth) 

lumps of mycelium 

oehraceous buff ; 
pitted lumps of 
mycelium buck¬ 

thorn brown 

31 

Very slight growth 





present 




Raw umber 


Decolourized (from 
26th day) 


Sayal brown 
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Cultural Characters — continued. 


Age- 

days. 

Extent of growth. 

Type of growth. 





Colour of mycelial , f reverse . 
mat. 


12 


A 31 


31 


31 


31 


Polyporus arcularius (Batsch) Fr. 


Surface of medium not 
covered (2" growth) 


Downy with a number 
of patches of short 
mycelium 


White, slightly tinged 
with pink 


Surface of 
covered 


medium 


Surface of 
covered 


mediant 


Surface of medium 
covered (from the 
12th day) 


Woolly - tiocrose ; 
stipes of fruiting 
bodies present 


White tiugi'd 
warm buff 


I V oof l/i - for ease 

normal fruiting 
bodies present 


Felty : normal fruit¬ 
ing bodies present 


117 <it‘ tinged nnth 

cinnamon buff, and 
mikado broom sur¬ 
rounding bases of 
stipes 


White tinged with 
mustard yellow and 
day: mikado 

brown at bases of 
stines 


Surface of medium 
covered (from the 
20th day) 


Woolly-floccose 


Surface of medium not 
covered ; rate of 
growth slow (i" 
growth) 


White tinged with 
ochraeeous tawny 
to day ; and drops 
of exudation chest¬ 
nut. 


Felt v 


White with mikado 
brown at bases of 
stipes 


A 

S | 

Surface of medium not 
covered (| v growth) | 

A 

12 

Surface of medium not. 
covered (1" growth) 

A 

21 

Surface of 'medium j 
covered (from the, 
28th day) 

B 

31 

Surface of medium 
covered (from the | 
28th day) 

c 

31 

Surface of medium not | 
covered (11" growth) 1 

D 

31 

Surface of medium not 
covered (l" growth) ! 



Po 

A 

8 

Surface of medium not 
covered (1" growth) 

A 

12 

Surface of medium not 
covered (1" growth) 

A 

31 

Surface of medium not 
covered (2* growth) 


Polyporus gilms Schwein. 
Downy 


Tufted appearance in 
centre, with 

downy edges ; zon¬ 
ing present 


Tufted woolly with, 
inning and pitted 
inoculum 


Felty 


Felty 


Powdery with pitted 
inoculum 


Polyporus rhipidium Berk. 


Downy with appressed White 
edges 


Downy with appressed White 
edges 


Kaiser brown 


with Kaiser brown 


I) oivny-appressed 


White 


Decolourized 


Tawny with tufts of 
lighter warm buff; 
edges white 


Decolourized 


Dresden brown 


Deeolourized to a 
small eztent 
near margin of 
colony 


Sayal brown 


Ochraeeous buff with 
tufts of warm buff ; 
edges white to 
pi nurd yellow 


Brussels brown 
to citrine 


Warm buff to anti¬ 
mony yell on : aerial 
hyphae, lighter in 
colour 


saccardo green to 
amber brown 


Warm huff to ochra- 
ceous buff to anti¬ 
mony yellow 


Blackish green 
to sepia 


White to ochraeeous 
huff to antimony 
yellow ; large am¬ 
ber drops of gela¬ 
tinous exudation 


Haw umber to 
black 


White to cinnamon 
brown 


Decolourized (from 

12th day) 
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Cultural Characters— continued . 


Age- 

days. 

Extent of growth. 

Type of growth. 

Colour of mycelial 
mat. 

Colour of reverse. 

i 

! i 

Po'yporut ihipidvni Berk— continued. 


31 

Surface of medium not 
unite covered 

1 >owny-a ppressed .. 

Dirty white (colour 
not intense enough 
to match with 
Ridgwav‘s colour 
chart (11)) 

Snuff brown 

31 

! Surface of medium not 
covered (1£" growth) 

Downy-appressed .. 

Cinnamon buff 

Tawny buff 

31 

Surface of medium not 

1 covered (J" growth) 

Downy-appressed .. 

White 

Decolourized ( from 
24th day ) 


Polystictus versicolor (Linn.) Fr. 


8 

Surface of medium 
covered (from the 
4th day) 

Downy to woolly- 
floccose with downy 
edges 

White 


12 

Surface of medium 
covered (from the 
4th day) 

Woolly - floecose to 
felty 

White; small drops 
of exudation pre¬ 
sent (colourless) 

Decolourized at 
top 

31 

Surface of medium 
covered (from the 
ith day) 

Felly and in name 
canes powdery to 
felly 

While tinged with 
warm, buff; large 
straw yellow gela¬ 
tinous drops of exu¬ 
dation present 

Decolourized 

31 

Surface of medium 
covered (from 8th 
day) 

Felty 

White tinged with 
wax yellow at bases 
of slopes; straw 
yellow gelatinous 
drops of exudation 
present 

Decolourized 

31 

Surface of medium 
covered (from the 
12th day) 

Felty 

White tinged with 
pale oehraceous 

buff; gelatinous 

drops of exuda¬ 
tion present 

Raw sienna 

31 

Surface of medium not 
covered (1.4" growth) 

Powdery a ppressed 

White 

Decolourized (from 
4 th day) 


Tramelcs lilacino-gilva. (Berk.) Lloyd. 


8 

Surface of medium not 
covered (3" growth) 

A ppressed-downy with 
a number of floc- 
cose patches pre¬ 
sent ; ap pressed 

parts silky 

White 


12 

Surface of medium not 
covered (4" growth) 

Downy with appressed 
edges ; zoning pre¬ 
sent 

White to sea-sliell 
pink to salmon pink 


31 

Surface of medium 
covered (from 20th 
day) 

Downy to woolly; 
zoning present 

Light oehraceous sal¬ 
mon to buff pink to 
congo pink 


31 

Surface of medium 
covered (from 20th 
day) 

Woolly-ttoccose, zon¬ 
ing present from tin* 
10th day 

White slightly tinged 
with straw yellow 


31 

Surface of medium . 
covered (from 20th 
day) 

Woolly ; zoning pro- 
sent from the loth 
day 

Light oehraceous buff 

Oehraceous 

tawuy 

31 

Surface of medium hot 
covered rate of 
growth slow (4 V 
growth) 

Downy-appresse t .. 1 

Salmon pink with 
• patches of hyphae 
showing a green 
colour 

Decolo uri zation 
observed on th 
31st day 
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C u i .tubal Char a ctjsrs— continued. 


Age— 

jdays. 


Extent of Gro vth. 


Type of Growth. 


Colour of mycelial 
mat. 


Colour of reverse. 


Trametes ochroleuca (Berk.) Bres. 


8 

Surface of medium not 
covered (f* growth) 

Woolly with appressed 
edges 

White 


12 

Surface of medium not 
covered (Y growth) 

Thick felty with ap¬ 
pressed edges 

White 


31 

Surface of medium 
covered 

Thick felty 

White 

Becoming 

decolourized 

31 

Surface of medium not 
covered (H" growth) 

Powdery to felty 
with appressed 

edges 

White tinged with 
maize yellow to 
baryta yellow; 

drops of exudation 
colourless 


31 

Surface of medium not 
covered; rate of 
growth slow (1* 
grow th) 

Velvety 

White tinged with pale 
ochraceous bulf; 
drops of amber 
coloured exudation 
present 

Cinnamon 

31 

Surface of medium not 
covered; rate of 
growth slow (V 
growth) 

Powdery .. 

White 

Decolourized (from 
the 8th day) 


Microscopic Features. 

StereuM jlludens Berk. 

Hyphae varied in width from 1-3/*. Clamp connexions were 
sparsely formed, averaging one per field. Branching was 
moderately abundant, and often occurred at right angles. Chlamy- 
dospores were observed. (Fig. 4.) 

Stereum lobatum Fries. 

Hyphae varied in width from 1.5-7/x. Aerial hyphae were 
yellow in colour. Clamp connexions were sparsely formed, 
averaging two per field, and thev occurred characteristically in 
groups. Occasionally they were observed singly, and when 
averaging the number per field a group was counted as one. 
Clamp connexions were observed only on the larger hyphae, the 
smaller hyphae showing branching at right angles. Small 
rhombic crystals were observed. (Fig. 6.) 

Stereum velleueum Berk. 

Hyphae varied in width from 1-11/a. Clamp connexions were 
sparsely formed, averaging 1.2 per field, and they occurred char¬ 
acteristically in groups. They were observed on the larger 
hyphae only, the smaller hyphae showed branching at right angles. 
When averaging the number of clamp connexions per field a 
group was counted as one. Small rhombic crystals were present. 
(Fig. 5.) 
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Fomes Clelandi Lloyd. 

Hyphae varied in width from 0.8-5/<„ Clamp connexions were 
sparsely formed and averaged three per field. They occurred 
opposite and near branches and as often along the length of the 
hyphae. Branching of hvpae was moderately abundant. (Fig. 2.) 

Fomes hemltephrus Berk. 

Hyphae varied in width from 1.5-3/a. Clamp connexions were 
sparsely formed, averaged 1.1 per field, and occurred generally 
along the length of the hyphae. Branching of hyphae was not 
abundant. Chlamydospores were observed and crystals were 
present. (Fig. 3.) 


Fomes robustus Karst. 

Hyphae varied in width from 1-3/a. Aerial hyphae were 
brown in colour, the submerged hyphae were colourless and 
branched abundantly. Clamp connexions were sparsely formed 
averaging 0.6 per field, and they occurred more frequently along 
the length of the hyphae. Crystals were present, but not in 
abundance. (Fig. 1.) 


Ganoderma applanatum (Pers.) Pat. 

Hyphae varied in width from 1-4/a. Clamp connexions were, 
moderately abundant, averaging 5.5 per field, and they occurred 
sometimes associated with branching, but more often along the 
length of the hyphae,. Chlamydospores were observed and small 
rhombic crystals were present. (P'ig. 11.) 

PoLYPORUS ANT1IKACOPHTLTJS Cooke. 

Hyphae varied in width from 1.5-3/a. Clamp connexions were 
abundant, averaging 10 per field, and 64 per cent, of the clamp 
connexions observed occurred in association with branches. 
Sometimes branches were observed growing out from clamp 
connexions. Chlamydospores were present; they were large 
and were both terminal and intercalary in position. Large cubic 
crystals were present. ( Fig. 8.) 

Polvporus arcularius (Batsch.) Fr. 

Hyphae varied in width from 1.3/a. Clamp connexions were 
moderately abundant, averaging 5.2 per field, and they were 
observed more often in association with branching, than along 
the length of the hyphae. Branching was moderately abundant. 
Swellings were observed on certain submerged hyphae, Chlamy¬ 
dospores were present occurring in both a terminal and inter¬ 
calary position. Small and oblong crystals were present. 

(Fig- 7.) 
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POLYPORUS GILVXJS Schweill. 

Hyphae varied in width from 1-5^. Clamp connexions were 
sparsely formed, averaging 1.6 per held, and they occurred 
generally along the length of the hyphae. Aerial hyphae were 
thick, branched and of a brown colour. Terminal swellings were 
present on many submerged hyphae. Long narrow crystals were 
present. (Fig. 9.) 

Polyporus SHipimuM Berk. 

Hyphae varied in width from 1 -4/x. Clamp connexions were 
abundant and averaged 11 per field. Of the clamp connexions 
observed, 62 per cent, occurred along the length of the hyphae. 
Branching of hyphae was moderately abundant. Crystals were 
present some of which were irregular and others were cubic. 
( Fig. 10.) 


Polystt crus versicolor (Linn.) Fr. 

Hyphae varied in width from 1-3.5/x. Clamp connexions 
were moderately abundant, averaging 6.5 per field. Branching 
of hyphae was generally at right angles. Long and narrow 
crystals were present. (Fig. 12.) 

Trametes lii.acixo-gilva (Berk.) Lloyd. 

Hyphae varied in width from 2-3/x. Clamp connexions were 
abundant, averaging 9 per field. Of the clamp connexions 
observed 67 per cent, occurred along the length of the hyphae. 
Chlamydospores were observed and small cubic and rhombic 
crystals were present. (Fig. 14.) 

Trametes ocuroleuca (Berk.) Bres. 

Hyphae varied in width from 0.8-4^. Clamp connexions 
were abundant, averaging 8 per field. Of the clamp connexions 
observed, 58 per cent, occurred in association with branching. 
Large irregular crystals were present. (Fig. 13.) 

Discussion of Results of Cultural Work. 

I he observations made from the malt, potato-dextrose, and 
Czapek's synthetic plus malachite green agar cultures were of 
greater value for comparative work than those made from the 
Czapek’s synthetic agar (modified). However, observations 
from cultures on all four media were used in the building up of 
the keys given below. 

Certain fungi formed fruiting bodies more readily in culture 
than others. Polyporus arnilariiis formed normal fruiting bodies 
by the thirteenth day on malt agar. Forties Clelandi formed 
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very conspicuous bodies that were suspected of being abnormal 
sporophores. Other forms such as Polystictus versicolor, Poly- 
porus anthracophilus, and Poiyporns gilvus formed pitted masses 
of mycelium which were possibly rudimentary fruiting bodies. 

The decolourization of the medium that occurred with Czapek’s 
synthetic., plus malachite green agar, with many forms was inter¬ 
esting. In all such cases, with one exception, c.g„ Trametes 
hlacino-gilva, no green colour was visible in any of the hyphae; 
with T. lilacino-gilva a very definite green colour was, however, 
observed in some of the mycelial threads; in the case of Stereum 
illudens where only the faintest perceptible growth occurred on 
this agar, it was nevertheless accompanied by a definite decolouri¬ 
zation of the entire slope. t he questions naturally arise; were 
those, fungi which decolourized this medium using the malachite 
green as a food material, or were they producing, during their 
metabolic activities, a substance that changed or acted on the 
dye? Some experiments were carried out to try to explain this 
decolourization. Hydrogen peroxide was added to a malachite 
green slope, and as no decolourization occurred an oxidase action 
was not indicated. The same conclusion was arrived at when 
a piece of potato was placed on the surface of a malachite green 
slope and again no decolourization occurred. A culture showing 
the decolourized phenomenon was immersed in 5 per cent, 
formalin for half a day, another was killed by heating at 7 0°C. 
for half an hour, and from these, a portion of the decolourized 
agar and the mycelial mat was transferred to a fresh Czapek’s 
plus malachite green slope; no decolourization was observed 
indicating that the disappearance of the colour might not be due 
to any metabolic by-product produced during the growth of the 
fungus and diffused into the medium, hut might rather be a 
phenomenon dependent on the living form itself. 


Keys. 

Four dichotomous keys were compiled from the, results 
obtained, three from the comparative cultural results, and one 
using the microscopic features:— 

1. Key—using the results obtained from growth on malt 

agar. 

2. Key—using results obtained from growth on Czapek’s 

synthetic agar and malachite green, Czapek’s syn¬ 
thetic agar modified and malt agar. 

3. Key—using the results obtained from growth on potato- 

dextrose agar. 

4 Key—using the microscopic features as observed from 
growth on malt agar. 


14867.—3 
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1. Key—using results obtained from growth on malt agar. 


A. Mycelial mat soon colored on malt agar .. 

A. Mycelial mat remaining white until old _(at 
least 12 days old) and then becoming 
tinged with colour on malt agar 

A. Mycelial mat remaining white 

B. Colour salmon to congo pink 

B. Colour mummy brown, at least in the centre 

B. Colour warm buff or antimony yellow .. 

B. Colour ochraceous buff to cinnamon brown 

C. Growth felty 

C. Growth downy 

C. Growth woolly 

C. Growth woolly-floccose 

C. Growth cottony-floccose 

E. Growth rapid (4 days to cover slope) 

E. Growth slo\v r er .. 

F. Reverse of medium unchanged, and growth 

may be powdery 

F. Reverse of medium changed, Sudan brown 

to amber brown and growth may be 
woolly-floccose to felty 

D. Growth felt}’ 

D. Growth downy 

G. 19 days to cover slope 

G. 30 days to cover slope 


B 

C 


D 

'Frametes lilacino-gilva 
Forties Clelandi 
Folyporus gilvus 
Fames robustus 
E 

Poly poms anthracoph ilus 
Stereum vcllercutn 
Polypnrus arcularius 
Stereum illudens 
Polystictus versicolor 
F 

Canoderma applanatum 


Stereum lobatum 
Trametes ochroleuca 
G 

Fames hemitephrus 
Poly poms rhipidium 


2. Key—using results obtained from growth on Czapek’s syn¬ 
thetic agar and malachite green; on Czapek's synthetic 
agar ( modified) ; on i\Ialt Agar. 


A. Czapek’s synthetic agar and malachite green 
medium decolourized 

A. Czapek's synthetic agar and malachite green 

medium not decolourized 

B. Medium decolourized rapidly (within 4 

days) .. 

B. Medium decolourized fairly rapidly (7-8 
days) 

B. Medium decolourized slowly (12-30 days) 

D. Rate of growth slow (i inch in a month) 

D. Rate of growth fairly rapid (If inch in a 

month) .. 

F.. Fairly good growth in a month 

E. Very faint growth in a month 

F. Growth coloured cinnamon brown 

F. Growth coloured mummy brown (at least 
in centre) 

F. Growth white (pure white) 

F. Growth salmon pink 

F. Growth white tinged with mikado brown . . 

G. Wrinkling of medium present on Czapek’s 

synthetic agar (modified) 

G. No wrinkling of medium present on 

Czapek’s synthetic agar (modified) 

C. Moderate growth present 

C. Very faint growth present 

H. Colour of growth white 

H. Colour of growth chestnut brown 

I. Moderately rapid growth on malt agar (14 

days to cover slope) 

I. Slow growth on malt agar (33 days to cover 
slope) 


B 

C 

Polystictus versicolor 

D 

E 

Trametes ochroleuca 

Fomes hemitephrus 

F 

Stereum illudens 
Folyporus gilvus 

Fomes Clelandi 
G 

Trametes lilacino-gilva 
Folyporus arcularius 

Ganoderma applanatum 

Folyporus rhipidium 
H 
I 

Stereum vellereum 
Fames robustus 

Stereum lobatum 

Polyporus anthracophilus 
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3. Key—using results from growth on Potato-Dextrose agar. 


A. Growth fairly rapid (7-14 days to cover 
surface of medium) 

A. Growth slow but medium covered in a 
month 

A. Growth very slow—medium not covered in 

a month 

B. Growth felty 

B. Growth woolly-floccose to woolly 

B. Growth downv-floccose 

D. Reverse of medium unchanged (i.e., not 
coloured) 

D. Reverse of medium colourless (i.e., de¬ 
colourized) 

D. Reverse of medium coloured (amber 

brown) 

C. Growth remaining white 

C. Growth white when culture young, but 
coloured when old ., 

C. Growth coloured 

E. Growth felty (with shattering of medium) 

E. Growth woolly-floccose 

E. Growth downy—appressed 

F. Mummy brown (with russet brown tinges) 

F. Ochraceous buff to antimony yellow 

(aerial hyphae lighter) 

F. Ochraceous tawny to cinnamon brown .. 
F. Cinnamon with white edges 


B 

C 

Trametes ochroleuca 
Polystictus versicolor 
D 

Stereum illudens 

Stereum vcllcreum 

Polyporus arcularius 

Stereum lobatum 
Pomes hemitephrus 

E 

F 

Canoderma applanatum 
Trametes lilaeino-gilva 
Polyporus rhipidium 
Fomes Clelandi 

Polyporus gilvus 
Fomes robustus 
Polyporus anthracophilus 


4 Key—using microscopic features. 

A. Clamp connexions abundant (8-11 per 
field) 

A. Clamp connexions moderately abundant 
(5-6 per field) 

A. Clamp connexions rare (0-3 per field) 

B. Clamp connexions usually associated with 

branches 

B. Clamp connexions usually along the length 

of the hyphae 

E. Chlamydospores abundant 

E. Chlamydospores absent 

F. Chlamydospores abundant 
F. Chlamydospores scarce 

C. Branching generally at right angles 

C. Branching seldom at right angles 

C. Crystals present, small, oblong 
G Crystals rhombic 

D. Clamp connexions in groups 

D. Clamp connexions not in groups 
B. Aerial hyphae coloured (yellow) 

H. Aerial hyphae not coloured 

I. Clamp connexions usually associated with 

branching 

I. Clamp connexions usually along the length 

of the hyphae 

J. Aerial hyphae coloured 

J. Aerial hyphae not coloured 

K. Many submerged hyphae ending in terminal 

swellings 

K. Submerged hyphae not ending in terminal 

swellings 

L. Chlamydospores present 

L. Chlamydospores absent 


B 

C 

D 

E 

F 

Polyporus anthracophilus 
Trametes ochroleuca 
'Trametes lilaeino-gilva 
Polyporus rhipidium 
Pnlystictus versicolor 
G 

Polyporus arcularius 
Canoderma applanatum 
H 
/ 

Stereum lobatum 
Stereum vellereum 

Fomes Clelandi 

J 

K 

L 


Polyporus gilvus 

Fomes robustus 
Stereum illudens 
Fomes hemitephrus 
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Summary. 

1. Fourteen wood-destroying fungi, three of which belong to 
the Thelephoraceae and the remainder to the Pulyporaceae, were 
grown on four different media. 

2. The cultural characters of these fungi were determined 
accurately, and also their microscopic features. 

3. Four keys were compiled, three using the comparative 
cultural results and one using the microscopic features. 
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Glossary. 

Appresscd. —Mycelium which is prostrate on the surface of the 
agar. This is often the first stage in the type of growth 
of the mycelium, and it may give, rise to other forms. 

Cobwebby. —Long, weak, inter-tangled hairs which are semi- 
prostrate, not thick enough to he either woolly or felty. 
but are not short enough to he considered downy. 

Downy. —Short fine hairs loosely scattered over the surface of 
the mycelium giving it a downy appearance. 

Felty. —Matted with inter-twined hairs resembling felt. 

Floccosc: —Scattered patches of denser hyphae over the surface 
of any mycelial mat. 

Velvety. —Mycelium with distinct, dense straight short hairs like 
the pile of velvet. 

Woolly. —A dense mass of mycelium consisting of long tortuous 
hairs. 

Hyphenated Words.- —“ Appressed-downy ” indicates a condition 
intermediate between the two conditions, while “ downy 
to appressed ” indicates that the older portions are 
“ downy ” and the younger are “ appressed." 

Reverse. —The side of the medium opposite to the surface on 
which the fungus is growing (i.e., the back) is termed the 
“ reverse.” 
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Explanation of Figures. 

Fig. I. 


1. — Fomcs robustus Karst. X 232. 

A. Brown aerial hyphae 

B. Clamp connexions. 

C. Crystals. 

2. — Pomes hemitephrus Berk. X 232. 

A. Clamp connexions. 

B. Chlamydospores. 

C. Crystals. 

3. — Pomes CJelandi Lloyd X 232. 

A. Clamp connexions associated with branching. 

B. Clamp connexions occurring along the length of the hyphae. 

4. — Stereum illudens Berk. X 232. 

A. Clamp connexions occurring along the length of the hyphae. 

B. Chlamydospores. 

C. Branching at right angles. 

5. — Stereum I'cllernim Berk. X 400. 

A. Large hyphae with groups of clamp connexions. 

B. Smaller hyphae showing branching at right angles. 

C. Crystals. 

6. — Stereum lobatum Fries. X 400. 

A. Clamp connexions occurring in groups. 

B. Clamp connexions occurring singly. 

C. Hyphae branching at right angles. 

D. Crystals 
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Fig. II. 

7. -— Polyporus anthracophilus Cooke X 232. 

A. Clamp connexions. 

B. Clamp connexions which have grown into branches. 

C. Chlamydospores. 

D. Crystals. 

8. — Polyporus arcularius (Batsch.) Fr. X 232. 

A. Clamp connexions occurring in association with branching. 

B. Chlampdospores. 

C. Crystals. 

9. Polyporus gilvus Schwein X 232. 

A. Clamp connexions occurring along the length of the hyphae. 

B. Terminal swellings on the hyphae. 

C. Crystals. 

D. Branching. 

10. -— Polyporus rhipidium Berk. X 400. 

A. Clamp connexions occurring along the length of the hyphae. 

B. Crystals. 


Fig. III. 

11. — Ganoderma applanatum (Pers.) Pat. X 232. 

A. Clamp connexions. 

B. Chlamydospores. 

C. Swellings on submerged hyphae. 

D. Crystals. 

12. — Polystictus versicolor (Linn.) Fr. X 400. 

A. Clamp connexions. 

B. Branching at right angles. 

C. Crystals. 

13. — Trametes ochrolcuca (Berk.) Pres. X 232. 

A. Clamp connexions occurring in association with branching. 

B. Crystals. 

14. — Trametes lilacino-gilva (Berk.) Lloyd X 232. 

A. Clamp connexions along the length of the hyphae. 

B. Chlamydospores. 

C. Branching of the hyphae. 

D. Crystals. 
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Fro. 1. 
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Fig. 2. 
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Art. XII. —The Petrology of the You Yangs Granite.—A Study 

of Contamination. 

By GEORGE BAKER, B.Sc. 

LRead 12th December, 1935; issued separately, 1st June, 1936.] 
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Summary. 

The You Yangs hilis are a stock of giant granite rising above 
the plains about 30 miles south-west of Melbourne. 1 he granite 
has intruded rocks of Lower Palaeozoic age. Assimilation of 
these rocks has contaminated the invading magma with sphene, 
ferromagnesian minerals, and numerous partially digested xeno¬ 
liths of both sedimentary and igneous origin. In certain localities, 
drawing out of the xenoliths lias led to local striping in the 
granite, and orthite, a mineral hitherto unrecorded from the 
granites of Victoria, occurs associated with the xenoliths. Sedi 
mentary rocks which were shales and sandstones have given rise 
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to biotite- and quartz-rich xenoliths, whilst the, igneous rocks, pre¬ 
sumably Cambrian diabases and epidiorites, have given rise to 
horn blende- and diopside-rich xenoliths. All degrees of graniti- 
zation are represented in the xenoliths. 

As a result of this extensive contamination, the You Yangs 
granite is much more basic than the granite of neighbouring out¬ 
crops. 

The granite has been invaded by dyke intrusions of two distinct 
periods. Two porphyry dykes, aplite, pegmatite, and quartz veins 
were associated with the late phases' of the intrusion of the granite. 
One of the porphyry dykes (D.l. on the map), shows local varia¬ 
tions due to the assimilation of granite and xenoliths. The 
second period of dyke activity occurred in the, Tertiary, when two 
monchiquite dykes and a small plug were intruded, one of these 
dykes being nepheline bearing. 

The trend of the more prominently developed joints in the 
granite is W. 20° N. and N. 30° E. 


Location and Previous Work. 

The You Yangs hills are situated about 50 miles south-west of 
Melbourne, in the parish of Wurdi Youang, county Grant. They 
form a series of rugged granitic ridges rising abruptly to 1,154 
feet above sea level from the surrounding plains of Newer Basalt 
and Alluvium, which average about 150 feet above sea level. 

Smaller areas of granite outcrop a few miles to the north-west, 
west, and south-west (see Fig. 1). These include the Dog Rocks, 
near Geelong, and the following occurrences, named after the 
parishes in which they occur, the Yowang outcrop, the Darriwil 
outcrop, the Anakie outcrop, and the South Anakie outcrop, which 
is not marked on the, quarter sheets, and consists of a small 
exposure, south of the Tertiary volcanic hills of the Anakies. 

The general geological relationships of the You Yangs area are 
indicated on quarter sheets Nos. 19 and 20 of the Geological 
Survey Maps of Victoria, published in 1863. 

in 1907, .Professor Skeats described the geology and physio¬ 
graphy of the You Yangs (30), and, in 1919, a geological map 
of the area on a scale of 1 mile to 1 inch was prepared in the. 
Geology Department, University of Melbourne. In 1932, a dyke 
rock was mapped by Couison (5), who also recorded the occur¬ 
rence of diabase rocks. 

Local names added to the sketch map accompanying this paper 
were kindly supplied by Mr. Richmond, a local resident. The 
higher elevations of the ridges have been labelled P.l to P.12, for 
purposes of relatively accurate location. 
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Fig. 1.—General map showing outcrops (in black) 
referred to in the paper. 


The You Yangs Giant Granite. 

Nature of the Intrusion. 

The granite at the You Yangs is a single intrusion, relatively 
uniform in appearance, and shows no evidence of rapid chilling 
at the contact, or of a border phase. 

The intruded sediments strike a little to the west of north, 
agreeing with the general strike of the Ordovician rocks of Vic¬ 
toria (30). Abundant xenoliths occur throughout the granite, so 
that apparently the magma advanced to its present position with¬ 
out any distortion of the country rock by a process of overhead 
“ piecemeal ” stoping (7 ). 

Since large porphyritie felspars in the giant granite show only 
local planar parallelism, and the xenoliths are arranged in a hap¬ 
hazard manner, there has been no appreciable amount of magma 
streaming under directional forces. 
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Field Occurrences. 

The area of granite exposed is about 12 to 15 square miles. 
The granite of the You Yangs is a typical mesocratic. giant 
granite (4), the visible dark minerals consisting of individual 
crystals or clots of biotite and hornblende, which become locally 
concentrated in the neighbourhood of some of the xenoliths. 
Sometimes, bands of ferromagnesian minerals give rise to striping 
m the, granite. This has been observed in two weathered out 
blocks of granite half way up the eastern slopes of P.2, in several 
quarried out blocks at the sides of the track near the Shelter 
Shed, and in Quarry 1 at the foot of the northern slopes of P.6. 
The major development is at Quarry 1, where the bands are 
puckered (Plate XL, Fig, 1), so that they appear like a drag fold 
with minor contortions. This structure was probably developed 
by differential movement, whilst the magma was still plastic. The 
dark minerals in the bands show no parallel orientation, and it is 
therefore improbable that they represent xenoliths of gneissic 
rocks. 

The parallel bands vary in width from \ inch to 1 inch, and 
occasionally swell out into knots 6 inches across. The edges of 
the bands are not sharply differentiated from the surrounding 
granite. Associated with them are occasional light-coloured 
bands, and a pocket about 4 feet across, of a very coarse granite, 
with an average grain size equal to the phenocrysts in the giant 
granite, i.e., about 1 inch in length. These are 6 inches to 9 itiche; 
wide, and are visible in Plate XL, Fig. 1, just below the curved 
horizontal joint plane,. The pocket is rimmed on its upper edge 
with a melanocratic band, and is probably connected with the 
bands of coarse-grained granite. Large phenocrysts of felspar 
sometimes project into the biotite bands, and clots of biotite occur 
in the, granite. 

The normal giant granite occurs above and below the banded 
zone, while the granite between some of the biotite bands may 
contain less biotite than the. bands, but more than the surrounding 
giant granite. It is a non-porphyritic granite of grain size finer 
than the groundmass of the giant granite. 

Mineralogy. 

the granite has been described (30), as an alkali granite con ¬ 
sisting of large phenocrysts of alkali felspar (mainly orthoclase), 
together with quartz, oligoclase, biotite, hornblende, and small 
amounts of the accessory minerals apatite and magnetite, and it 
was stated that there is a large excess of alkali felspar over plagio- 
clase. As shown by the following table of Rosiwal analyses, this 
is true for the bulk of the outcrop, but at the contact of some of 
the more basic types of inclusions the two felspars are more nearly 
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equal in amount. In more highly contaminated examples, ortho- 
clase becomes subordinate to plagioclase, and microcline is absent. 
The phenocrysts of potash felspar occupy a volume percentage 
of 17.4 in the normal giant granite, as determined from an area of 
250 square inches. 


Table 1. 


Mineral. 

1 . 

2. 

3. 

Quartz 

28.7 

19.6 

17.9 

Orthoclase, Microcline, Perthite 

34.8 

21.6 

7.3 

Oligoolase 

25.5 

16.6 

11 .4 

Biotite 

8.8 

32.2 

51 .3 

Hornblende (with residual Augite) 

1.3 

4.8 

2.1 

Sphene 

0.45 

1.00 

3.08' 

Orthite 

0.05 

0.61 

3.47 

Zircon 

0.17 

2.87 

1.53 

Apatite 

0.14 

0.72 

1.92 

Umenite 

0.07 

tr. 

tr. 

Calcite 

0.02 




1. Average of seven examples of the giant granite from various parts 
of the outcrop. The mineral percentages in column 1 have been computed 
from a combination of phenocryst % and values obtained for the minerals 
in the groundmass by micrometric analyses. 

2. Granite at contact of xenolith. 

3. Basic schlieren in the granite at Quarry 1. 


The potash felspar phenocrysts are often as large as 3 inches x 
2 inches, and consist of orthoclase, vein perthite (albite-oligo- 
elase intergrowth), and platy perthite (albite intergrowth). 
Although they appear to be single crystals, in thin section they are 
seen to consist of several individuals which contain inclusions of 
ohgoclase laths, quartz, augite, hornblende, and apatite needles. 
JNockolds (21, p. 446), considers that inclusions such as these 
indicate derivation from xenoliths. 

A few quartz phenocrysts, up to 1 inch in diameter occur, with 
strings of dust-like inclusions. The quartz sometimes shows 
graphic intergrowth with orthoclase. 

Microcline is allotriomorphic, interstitial, and frequently micro- 
perthitic. Myrmekite occurs as pustule-like intergrowths at the 
contacts of plagioclase with alkali felspar crystals. Sederholm 
(28) states that this is a characteristic of granites which have 
assimilated basic rocks, and Hills (15) suggests it is probably a 
dcuteric intergrowth, resulting from the reconstitution processes 
going on between the components of the granite magma and 
xenoliths. 
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The plagioclase felspar consists of idiomorphic twinned and 
zoned crystals of oligoclasc to andesine. 

Biotite contains numerous apatite and zircon inclusions with 
pleochroic haloes 0.04 mm. in diameter. Reaction rims consist¬ 
ing of granular aggregates of colourless sphene and iimenite. 
or of sphene alone, are sometimes developed at the contact of 
biotite with oligoclase. Daclyiitie structure occurs within limited 
areas at hornblende contacts, where the biotite has corroded and 
penetrated the hornblende, and lias become intergrown with quartz 
thrown out from the reaction. The biotite sometimes contains 
sagenitic webs of sphene. 

Hornblende is an important constituent of the granite, it is 
pleochroic from brownish- to pale-green, or weakly pleochroic and 
actinolitic. It is derived mainly from augite, and has been partly 
altered to biotite, chlorite, and calcite, with associated sphene and 
iimenite. Where abundant, it forms individual crystals, clots, 
and rings, similar to those described by Nockolds (23, p. 503), 
who considers that such structures are derived from the complete 
dissolution and disintegration of basic igneous material (a basic 
greenstone), rather than from sediments. Augite occurs as occa¬ 
sional xenocrysts partially altered to hornblende and biotite. It 
is often present as residual areas in hornblende. Diopside is 
represented by infrequent rounded grains and prisms, confined 
to the proximity of xenoliths. 

Lozenge-shaped crystals and aggregates of sphene, strongly 
pleochroic from red- to yellow-brown or colourless, are sometimes 
moulded on to oligoclase and hornblende, or else occupy the 
cleavages of the hornblende. 

Apatite occurs both as slender needles and stout prisms. The 
slender needles are embedded in quartz, felspar, and biotite, and 
are most abundant in the neighbourhood of clots of hornblende. 
The stouter prisms have rounded ends, and rarely show pyramidal 
terminations. They contain inclusions, which may be crystalline, 
rod-like, and central, elongated along the direction of the c-axis, or 
may be strings of minute, reddish, bubble-like inclusions, opaque 
areas of iron oxide, and occasional grains of rutile. 

Zircon is an abundant accessory mineral. The crystals are 
usually colourless, but a few are pale pink and yellow, and others 
appear sooty, due to many dust-like inclusions (20). Glass-clear 
forms, free from inclusions, are uncommon (Fig. 2f). Crystal 
forms present are (a) elongated unit prism with pyramid ( Fig. 
2c) ; (b) first and second prisms and pyramids, sometimes termi¬ 
nated with the basal pinacoid; (c) occasional forms with 
“ torpedo ” habit (12, p. 223), in which the steep (311 ) pyramid 
is prominent ( Fig. 2c) : (d) stout, stumpy prismatic crystals with 
dominant (111) faces (Fig. 2 b); and (<?) rare parallel growths 
(Fig. 2n), and geniculate twins. Variations in refractive index 
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cause most of the zircons to show internal striations (Figs. 2a and 
2d). The inclusions in individual crystals vary widely in number, 
and are haphazardly arranged (Fig. 2c). They consist of small 
rounded colourless cavities, larger cavern-like inclusions, often 
drawn out in the direction of the c-axis, widening in a bulbous 
manner near the apices, and occupying the whole length of the 
crystal. There are also irregular, cloud-like suspensions of opaque 
dust, hematite scales, foxy-brown rutile rods, biotite blebs, clear 
granules of apatite, and smaller prisms of zircon. Some of the 
brown irregularlv-shapcd occurrences may he liquid in nature (2, 
p. 28). Most of the zircons are included in biotite, a few occur 
in orthoclase and hornblende. Large zircons also occur indepen¬ 
dently of these minerals. 



Fig. 2. —Zircons from the You Yangs granite. 

A. Showing zoning and inclusions. 

B. Stout stumpy type. 

C. Showing rod-like, axial and irregular inclusions. 

D. Showing parallel growth and zoning. 

E. Elongate crystal with axial inclusion. 

F. Glass-clear type. 

G. Showing pyramid (311) (“torpedo habit”). 

Orthite is mainly confined to the proximity of xenoliths, 
leaching a maximum development in the basic schlieren of 
Quarry 1, where it occur-s as diamond-shaped, prismatic, or 
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irregular crystals. It is sometimes zoned, and exhibits irre¬ 
gular cracks, and occasionally simple twinning parallel to ( 100). 
In places it is altered to a red-brown, wax-like, or amorphous 
substance with indefinite optical properties. This alteration 
develops in the external zones, within which, irregular-shaped 
areas of the fresher variety, pleochroic from brown to red-brown, 
may be present. When in contact with biotite, it is surrounded 
by pronounced pleochroic haloes, 0.04 mm. in width, this value 
being the range of penetration of Thorium C 2 (17). Inclusions 
in the orthite are zircon, apatite, crystallites of iron oxide (in the 
altered outer parts), and occasional plates of hornblende. The 
orthite lias a variable birefringence, an average extinction angle 
of 34°, and the size of the crystals varies from 0.30 x 0.35 mm. 
(diamond-shaped), to 2.85 x 0.40 mm. (prismatic). 

Chlorite (probably peuniuite), replaces both biotite and horn¬ 
blende, and often contains sprays and sagenitic webs of ilmenite. 
Calcite, is rare, as occasional rhombs 0.30 mm. in size, as granular 
cores in oligoclase, and replacing hornblende. Sericite is a 
common alteration product of the cores or entire crystals of 
felspar, and muscovite is secondary after oligoclase. Pyrite, 
chalcopyrite, and pyrrhotite are rare, and rutile, probably 
derived from included sediments, occurs as small rounded grains 
and prisms. Heavy mineral determinations support the con¬ 
clusion (30, p. 5), that magnetite is almost completely absent. 
The small amount present may be primary, or derived from the 
assimilation of xenoliths. 

In many respects, the You Yangs granite resembles the descrip¬ 
tion given by Nockolds (21) of the Bihette Head granite. There 
is a similar variable concentration of hornblende, association of 
sphene and apatite needles with the clots of ferromagncsian 
minerals, abundance of apatite included in biotite, chloritization 
of biotite, scarcity of magnetite, and a high index figure, all of 
which Nockolds regards as indicating a contaminated granite. 
Groves (12, p. 222) also states that higher index figures are due 
to assimilation accompanied by increased production of biotite. 

The coarse-grained granite of Quarry 1, consists of abundant 
orthoclase and microcline-perthite with some quartz, oligoclase, 
biotite, and a small amount of sphene, these minerals resembling 
those in the giant granite. 

Heavy Mineral Indices and Assemblages. 

In the preparations for the study of the heavy minerals, the 
samples were crushed and quartered, passed through a 0.5 mm. 
brass sieve, washed free of very fine dust, dried, and weighed. 
The weight of sample treated was from 15 to 20 grams in each 
case, and separation into light and heavy fractions was effected 
in bromoform of sp. gr. 2.88. The ratio of heavy to light minerals 
gives the index figure. 

14867.— 4 
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The heavy mineral assemblage in the You Yangs granite is 
constant as far as mineral species are concerned, the suite of 
minerals being— 

Primary essential minerals—biotite and hornblende (in 
part). 

Primary accessory minerals—zircon, apatite, magnetite, 
and some spliene. 

Secondary or Contamination minerals—augite, diopside, 
orthite, rutile, pyrite, chalcopyrite, pyrrhotite, 
chlorite, and some sphene, ilmenite, hornblende, and 
biotite. 

Secondary alteration minerals—muscovite, limonite. 

Pneumatolytic accessory minerals are entirely wanting. 

Twelve samples from various parts of the You Yangs outcrop 
have shown a fairly constant -p. gr and index figure, the 
averages being 2.65 and 13.1. One instance occurred where the 
percentage of phenocrysts was greater than the average, and the 
index figure was then as low as 7.9. No general relationship was 
observed between the sp. grs. of samples and corresponding 
index figures. 

Biotite plays the most important part in index figure variations, 
followed by hornblende and sphene, whilst apatite and zircon are 
relatively evenly distributed, so that the range in values from 10.9 
to 18.4 is due to the greater abundance of ferromagnesian clots 
in some of the samples. 

Relations to Neighbouring Granites. 

It has been suggested that the You Yangs granite is connected 
beneath the plains of basalt with other smaller outcrops occurring 
to the north, west, and west-south-west (30), indicated in 
Pig. 1. 

Although specimens from the more important of these outcrops 
and from the east-west tongue at the north-west corner of the 
You Yangs outcrop are similar in the hand specimen, except for 
hornblende in the main You Yangs outcrop, the examination of 
thin sections and the heavy mineral indices and assemblages 
indicate certain variations (Table 2). 

Table 2. 


Location. 

Sp. Gr. 

Index Figure. 

1. You Yangs (main mass) 

2.65 

13.1 

2. West end of east-west tongue in north--west of 
You Yangs area 

2.63 

8.6 

3. Anakies (main outcrop) 

2.63 

4.9 

4. South Anakies 

2.63 

4.6 

5. Yowang 

2.63 

6.5 

6. Darriwil 

2.63 

5.9 

7. Dog Rocks 

2.62 

3.6 
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Aplites are associated with both the You Yangs and Western 
(Nos. 2 to 7) granites, but xenoliths, schlieren, and clots of 
terromagnesian minerals are absent in the latter. There is a 
greater abundance of biotite in the main You Yangs granite. 
Hornblende, orthite, calcite, augite, diopside, and rutile have not 
been noticed in the Western outcrops, while, on the other hand, 
the main Anakies granite contains purple fluorite, and the 
Yowang outcrop occasional blue tourmaline. Chloritization and 
bleaching of biotite, and sericitization of felspars are more pro¬ 
nounced in the Western outcrops, but microline and myrmekite 
are more rare, and quartz more common. Pyrite, pyrrhotite, 
chalcopyrite, and magnetite are rare in all cases, and apatite is 
similar throughout, except that the small needles are represented 
in the main You Yangs mass only Sphene is rare and colourless 
in Western occurrences, but very abundant in the You Yangs 
granite. In the Western outcrops, zircon shows noteworthy 
differences, pale yellow crystals with first and second prisms and 
pyramids with prominent basal pinacoid being common. The 
glass-clear, zoned, twinned, “ torpedo " type, and stout stumpy 
crystals of the You Yangs are rare, inclusions not nearly as 
abundant, the terminations never as acute, and the size hardly 
ever equal to those of the You Yangs zircons. 

It appears from these observations, that if all the occurrences 
are comagmatic, the You Yangs type represents a more active 
part of the intrusion which produced a different crop of zircons. 
The greater amount of heavy constitrients (mainly ferromag- 
nesian minerals), indicates more extensive assimilation and con¬ 
tamination than obtained in the Western outcrops. 

Jointing. 

(Note.—Values cited for the strike of joints and dykes are 
magnetic bearings; the declination for Melbourne is 8JY) 

The joints in the granite are numerous and well brought out 
by erosion. Aerial photographs of the granite, taken by the 
Defence Department, show that the trend of outcrops, as at Big 
Rock and the Precipice, and the general parallelism of the gullies, 
are controlled by master joints striking W. 20° N., and N. 30° E., 
the former set being the more strongly developed. 

Of about 650 measurements of the strike of joint planes made 
in the field, almost one-half of the number corresponded with 
these two general directions. The measurements have been 
plotted in the accompanying strike, frequency diagram. (Fig. 3.) 

The dip of the master joints varies from 86° to 90°, and they 
are usually vertical, whilst the dip of the subsidiary joints varies 
between 76° and 90°. 

Horizontal (“sheeting”) joints (35) control the, development 
of flat outcrops and dome-shaped tors; these joints are usually 


134 


George Baker: 



Fig. 3. —Strike frequency diagram of the joints of the You 
Yangs granite. (Figures along the east-west axis 
indicate the number of measurements made of the 
strikes of series of parallel joint planes.) 

gently curved upwards or downwards, and are occasionally sig¬ 
moidal. (Plate XL, Fig. 1.) Some dip at 17° from the horizontal, 
e.g., as at the Precipice. They are parallel to the surface of the 
north-north-east slopes of Flinders Peak, thus indicating that 
they played an important part in the development of the present 
angles of slope of Flinders Peak. According to Bucher (quoted 
in 35), these joints would be due to. internal stresses arising from 
shrinkage incidental to cooling, and Wilson (35), places them 
amongst the earlier formed joints “ produced when upward 
movement of the highly viscous magma produced secondary 
tensional stresses in the previously crystallized outer portion of 
the intruded body.” 

The joints of the granite can often he traced through xenoliths 
and aplite dykes (Plate XL, Fig. 2), but occasionally they ter¬ 
minate abruptly on either side of the walls of the latter, so that 
some of the joints may be structural, arising from subsequent 
earth movements, the compressive stresses being applied in 
different directions, chiefly east and west, probably during the late 
Palaeozoic. 

There is no r dationship between the j oints in the granite and 
structures in the country rock, and the hidden contact of the 
granite presumably transgresses the strike of the altered 
sediments. 
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Excellent jointing occurs in aplite dykes. A 10-ft. dyke on the 
south-western slopes of P.l shows in plan 22 joints, 3 inches to 
6 inches apart, all parallel to the strike (N. 5° W.) and dip (77°) 
of the walls of the dyke, with smaller cross joints at right angles 
to them. Aplite dykes exposed on the vertical faces of granite 
tors, exhibit a set of shrinkage joints normal to their walls. 
Rhomboidal jointing is present in the irregular intrusion of aplite 
on the south-eastern flanks of P.6. (Plate XT., Fig. 2.) 

In porphyry dyke D.2, on the south-western slopes of P.2, 
there are 13 joints about 18 inches apart, all parallel to the strike 
(S. 13° W.) and dip (82°) of the walls of the dyke, while in 
porphyry dyke D.l, small joints are relatively well developed, 
having a general strike of W. 45° N., and a dip of 85°. 

The Xenoliths in the Granite. 

Field Distribution. 

Abundant dark and light-grey patches of included foreign 
material occur throughout the whole area of giant granite at the 
You Yangs. They are locally concentrated near Mount Rothwell 
homestead, on Little Hills, where, at the base of a granite tor, 
125 xenoliths occur in an area of 10 feet x 2 feet. The isolated 
granite outcrops to the west and north-west, and the east-west 
tongue at the north-western end of the You Yangs are almost 
entirely free, from xenoliths. 

Xenoliths of definite outline vary from ^ inch x \ inch to 
6 feet x 12 feet in size. Many show sharp contacts with the 
granite, while some exhibit irregular contacts (Fig. 4d), with a 
more or less gradual passage into the lighter coloured granite 
(Fig. 4a). They grade from angular to rounded or embayed 
shapes, and, on erosion, project from the granice surfaces, or 
weather out, leaving irregular and smooth round hollows. 

Sedimentary and igneous xenoliths are represented, and pro¬ 
vide good examples of “inshot” inclusions (3). The less 
altered sedimentary types often show several narrow parallel 
veins of granitic material which has been injected along planes 
of weakness. The inshot veinitig may also be irregular, and the 
assemblage of 125 xenoliths at Mount Rothwell may repre¬ 
sent the breaking up of a large included block by the invading 
magma. A mingling of granitic and xenolithic material occurs 
in these veins (Fig. 4b). Embayed types often show an abundant 
development of biotite in the bays, but the biotite is not so 
common at unembayed contacts. (Fig. 4c.) 

Very fine, even-grained, dark-coloured types representing 
altered argillaceous rocks, are small in size, and not abundant. 
They often tend to be schistose, and form drawn-out patches in 
the granite, sometimes 9 inches long and 1 inch wide. Occa¬ 
sionally, small white spots appear in these dark types. 
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Fig. 4. —Xenoliths from the You ’’i angs granite. 

A. Contact of Quartzite and Biotite-rich xenolith, the latter passing 

outwards into a medium-grained hybrid granite containing clots of 
biotite. . . ... 

B. “ Inshot ” inclusion showing mingling of granitic and xenohthic 

material. 

C. Plan of a block 2 in. by 2 in. by li in. showing an embayed 

xenolith containing occasional fine threads of granitic material, 
and the abundant development of biotite within the bays. 

D. Showing advance of granite on a granitized biotite-rich xenolith, 

and the development of xenolithic “ strew.” 
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The most abundant xenoliths are porphyritic types rich in 
ferromagnesian minerals, which impart a dark-grey or greenish 
colour to the rock. Occasionally, as in the bed of Sandy Creek, 
a light-coloured felsic type is observed which consists of visible 
poikiliths of quartz and felspar flecked with small plates of 
biotite. Such structures are, more frequently micropoikilitic. 
examples consisting entirely of fine-grained leucocratic minerals 
are rare. 

The xenoliths as well as the granite, are occasionally cut by 
aplite veins, and in all such instances well defined contacts are 
observed. 

Group 1.—Xenoliths of Sedimentary Origin. 

These are not very common, and are represented by (a) fine¬ 
grained, sometimes schistose, biotite-rich rocks, and (b) quartzitic 
rocks. 

(a) Fine-grained, Biotite-rich Rocks .—The abundant presence 
of biotite in this group is ascribed to the commutation of mafic 
and aluminous material contained in mudstones and shales. The 
development of corundum is regarded as indicating the presence 
of sedimentary types (shales, &c.), which were very rich in 
alumina (25, p. 450). 

The xenoliths are dense, dark, fine-grained varieties consisting 
of abundant small flakes of biotite characterized by numerous 
pleochroie haloes with a diameter of 0.04 mm., and usually having 
no visible nucleus. Some of the haloes are dense black, with 
clearly defined outlines, some have small black centres, anil light 
outer rims with indefinite borders, and others broad dark centres, 
with narrow light coloured rims. In shape, they are circular, 
or elliptical where the nucleus mineral is elongated along one 
axis, whilst coalescence of several haloes occurs where they are 
numerous and crowded. The small flakes of biotite are some¬ 
times in parallel alignment, representing either original structures 
of the inclusion, or resulting from thermal metamorphism. In 
no case is schistosity well defined (Fig. 5a). Alteration of 
biotite to chlorite is accompanied by radial needles and irregular 
aggregates of ilmenite. 

Sphene is rare, while small rounded grains of rutile and zircon 
are not uncommon. Granules, rods and needles of apatite, and 
minute blebs of biotite occur in a base of quartz, orthoclase, 
occasional oligoclase and interstitial microcline. Iron ores are 
rare. 

A variation in this type of xenolith consists of those which 
contain white spots, seen to be knots of muscovite arranged in 
sheaves around a nucleus of granular corundum, pleochroie from 
blue to colourless. They resemble occurrences figured by 
Gardner and Reynolds (11), whilst Read (25, p. 447), records 
relics of corundum persisting in a micaceous product resulting 
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from the alteration of the corundum. Sometimes the corundum 
contains included magnetite or ilmenite. In some cases, the 
aggregates of muscovite contain no nucleus of corundum, and 
probably represent a complete alteration product of the 
corundum. 

Contacts with the adjoining granite may be either well defined 
or irregularly embayed. 'The grain size of the xenoliths often 
becomes coarser as the granite junction is approached, and the 
microcline of the granite becomes flecked with xenolithic 
“ strew ” producing poikilitic structure. The parallel bands of 
granite that develop in the inshot xenoliths of this group consist 
of narrow veins of orthoclase and microcline, or of intergrown 
orthoclase and subordinate quartz, with rare idiomorphic 
oligoclase. 

(b) Quartsitic Rocks .—A few xenoliths of quartzite which, 
when very fine-grained and porcellanous in texture, have the 
appearance of baked cherts, occur on the south-western side of 
P.11, and at Quarry 2. They represent arenaceous sediments in 
which the original quartz has recrystallized to numerous small 
interlocking grains with abundant minute inclusions. Zircon is 
rare and rounded, and minute rutile grains occur interstitial to the 
quartz and diopside. The quartzite xenoliths show sharp boun¬ 
daries when in contact with biotite-rich xenoliths (Fig. 4 a). and 
they become slightly coarser in grain at granite contacts, A 
distinct line of contact is visible in sections of the junctions with 
altered argillaceous inclusions, and such occurrences suggest 
quartzite pebbles which have remained unaltered relative to the 
argillaceous base in which they were set. 

A somewhat darker type of quartzitic rock, produced from a 
more argillaceous sandstone or quartzite, contains more biotite, 
abundant grains of iron oxide, and occasional patches of garnet. 

Group 2—Xenoliths of Igneous Origin. 

Xenoliths included here are considered to be of igneous origin 
on account of the abundance of clots and large plates of biotite 
and hornblende, the presence of shreds of diopside, abundant 
sphene, the occurrence of residual ophitic structures, and the 
alteration of xenocrysts of augite to hornblende and biotite. The 
occurrence of hornblende as clots and rings indicates derivation 
from basic igneous material (Nockolds, 23, p. 503). 

The hornblende-rich xenoliths of this group which have been 
derived from incorporated fragments of diabase and epidiorite, 
offer many resemblances to the acid hornblende hybrids described 
by Deer from the Cairnsmore igneous complex (8). The least 
altered examples with diabasic affinities sometimes contain 
residual augite, and sometimes show a residual ophitic structure 
but no augite. When granitization commences, original struc¬ 
tures disappear and the xenoliths grade from types showing more 
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advanced reconstitution, to those which have developed porphy- 
ritic textures by the mechanical introduction of pools of quartz 
and felspar. The final stages produce types in which granitic 
textures become prominent. 

Examples which contain large areas of actinolite and augite 
altering to secondary amphibole, may represent included frag¬ 
ments of a coarse-grained epidiorite, such as occurs in the Geelong 
district (6), because the augite of the epidiorite of Ceres, near 
Geelong, shows a similar alteration, with the production of large 
areas of fibrous actinolite. 

Some of the finer grained xenoliths of this group may, as 
suggested by Joplin (18). be due to the grain-size reduction of 
coarse-grained igneous rocks by the disruption of highly poikilhic 
hornblende and biotite-—these minerals show crenulation and sieve 
structures in the You Yangs xenoliths of igneous origin—and by 
the formation of granular masses of pyroxene and criss-cross 
Hakes of biotite—decussate, structures in biotite arc present at 
the You Yangs—during hybridization. 

The igneous xenoliths are nearly twice as abundant as all other 
xenoliths collectively. They vary in texture from fine-grained 
to porphyritic and include, (a) hornblende-rich xenoliths, and 
(&) diopside-ricli xenoliths, biotite being relatively common to 
both, (a) Hornblende-rich types. The dominant ferromag- 
nesian mineral is a pale-blue- to yellowish-green hornblende, often 
weakly pleochroic, fibrous, and actinolitic. The hornblende is 
occasionally brownish-green. It is mostly secondary after 
augite, with inclusions of zircon, and ilmenite and sphene along 
cleavages. Individual crystals with c.renulate margins, and 
irregular areas and nests, are usually associated with internal 
residual grains of augite,, and an exterior rim of biotite flakes. 

Biotite is more common than diopside, both being subsidiary to 
hornblende, and in one instance, actinolitic amphibole is present 
to the complete exclusion of these two minerals. Biotite occurs 
as plates of varying size, in decussate and sieve structures, as 
occasional clots, and as dactylitic, intergrowths. The colour is 
usually yellow to greenish-brown, and some blood-red plates are 
also present. 

Diopside is rounded, granular or prismatic, and colourless to 
pale green, similar to diopside in (b). Augite is present as 
twinned crystals showing no alteration to hornblende, and may 
contain small plates of biotite along the cleavages. 

Sphene is relatively abundant as small grains and larger 
crystals. It is frequently associated with hornblende and often 
moulded on to the felspars and hornblende (Fig. 5f). Orthite 
is not common, and is mainly irregular in shape (Fig. 5b), 
although occasional eight-sided crystals 0.5 x 0.3 mm. in size 
occur. Numerous colourless needles of apatite, often over 
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1 mm. long, and 0.1 mm. broad, are included in the other minerals 
(Fig. 5c). They sometimes possess a central cavity extending 
along the length of the crystal. Stouter prisms with granitic 
affinities are rare. Zircon occurs as small inclusions in biotite, 
and nearer granite contacts, as larger crystals similar to those 
m the granite. 

llmenite and spheric are present in reaction rims at biotite- 
felspar contacts. Pyrite. chalcopyrite, and pyrrhotite, are rare, 
limonite and hematite are developed along cracks and cleavages. 
4'he occurrence of calcite is limited. It may be interstitial or 
secondary after hornblende. 

Of the colourless minerals comprising the base of the rock, 
quartz may be only interstitial or it may form practically the 
whole of the base. Lobate growths and irregular patches in 
optical continuity are not uncommon ( Fig. 5n), and pools, often 
associated with orthoclase, are surrounded by rings of ferro- 
magnesian minerals. In one instance, a quartz pool is accom¬ 
panied by chalcopyrite and pyrrhotite. Quartz may also be 
radially intergrown with orthoclase and oligoclase. 

Oligoclase occurs as idiomorphic laths and pheuocrysts, which 
are occasionally poikilitic, carrying flakes and blebs of biotite. 
it sometimes forms clear rims to crystals of cloudy felspars, 
giving rise to “ jacketed " types (14). the cloudiness of which is 
due to sericitizatien and limonitization of earlier formed laths. 

Zoning may arise either from changes in the composition of 
the magma as it was introduced into the xenolith. or from the 
presence of rings of minute inclusions caught up during various 
stages of crystallization of the oligoclase. 

Labradorite occurs in partially reconstituted xenoliths. Albite 
is occasionally present as pellucid laths and zoned phenocrysts, 
and as rare poikiliths. 

Orthoclase. turbid through sericitization, is sometimes 
poikilitic, or perthitic, and present as small inclusions in optical 
orientation in poikilitic microcline. Myrmekite is present in small 
amount. Microcline and orthoclase are subordinate to oligoclase 
and quartz. 

At granite contacts, these xenoliths are usually embayed, though 
their junctions may be well defined. The felspars of the granite 
at contacts are often flecked with inclusions of undigested 
mineral fragments derived from xenoliths. while augite, horn¬ 
blende and biotite crystals appear to have floated out into the 
granite. 

( b) Diopside-rich Xenoliths .—Pale green to colourless diopside 
crystals are abundant and dominate biotite and hornblende. The 
diopside is present as strings and aggregates of rounded grains, 
stumpy prisms, and elongated shreds, with iron oxide along 
cracks and cleavages. Rings of diopside surround pools of 
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quartz and felspar. Reynolds (26, p. 609) records similar 
structures in the Newry igneous complex, and states that as the 
porphyroblasts grew, they swept the ferromagnesian minerals to 
one side. 

A reversal of the normal change, pyroxene to amphibole, occurs 
where secondary amphibole (actinolite), has been replaced by 
diopside. This is probably the result of increased thermal 
metamorphism of the hornblende-rich xenoliths. 

Myrmekite, orthite, zircon and sphene are much less common 
than in («). Oligoclase is sometimes intergrown with orthoclase, 
giving rise to a “ bloeky ” structure. The amphibole is mostly 
actinolite, and rarely tremolite. 

In other characteristics this class of xenoliths resembles the 
hornblende,-rich types. 

Group 3.—Xenoliths of Doubtful Origin. 

These are coarser in grain than the sedimentary xenoliths, and 
show no tendency towards schistosity. They have fine- to 
medium-grained, porphyritic, and fine-grained granitic textures. 

'The presence of rounded zircons and the rarity of hornblende 
and diopside suggest that they may represent advanced stages in 
the granitization of xenoliths of sedimentary origin, but no 
intermediate types between them and those of group 1 have been 
found. Some possess a “ granulitic ” microstructure (3, p. 202), 
and may therefore have a sedimentary parentage (26, p. 22). 

Some contain hornblende and diopside, but not as the large 
plates and prisms characterizing xenoliths of undoubted igneous 
origin. These minerals may be formed from the femic material 
in impure sediments. On the other hand, these xenoliths may 
represent acidfied igneous types in which fine-grained textures 
have, developed in the manner described by Joplin (18). Fig. 5e 
is a sketch micro-section of a typical example of this class of 
xenoliths. Corundum is absent, hornblende and diopside are 
developed in a few cases. 

Aggregates of biotite, often bleached, have developed as small 
clots showing sieve structure and decussate arrangement, which 
is highly characteristic of thermally metamorphosed rocks 
(13, p. 35). Sometimes, large plates of biotite, are surrounded 
by a swarm of smaller flakes, which project from the edges of 
the large plate. This structure resembles that described by 
Sederholm (27, p. 5), in which optically continuous plates of 
biotite, called “ porcupinitic ” biotite, project from the ends of 
augite crystals. Reaction edges to biotite consist of fringes of 
sphene, sometimes with ilmenite, and are similar to those 
described by Nockolds (23), as reaction products between 
titaniferous biotite and the felspathic material of the magma. 
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Orthite is rare, generally altered, and apatite needles are 
numerous. Rounded grains of zircon are thought to be xeno- 
crystal, representing stable remnants of included impure arena¬ 
ceous sediment. ilmenite occurs as small rods and grains 
scattered throughout the rock. 

the light coloured minerals often occur as fine granular areas 
associated with coarser grained streaks and patches (Fig. 5g), 
and as phenocrysts or large irregular areas forming an inter¬ 
locking base. Quartz is common, radially intergrown with 
orthoclase, or as large areas in optical continuity which enclose 
and wrap round the other minerals of the rock (Fig. 5d). Pools 
of quartz may be free from inclusions or flecked with biotite. 
Paths and poikiliths of oligoclase occur, and porphyroblasts con¬ 
tain small intergrown areas of microcline, with a structure in 
which each half of a zoned Carlsbad twin possesses lamellar 
twinning along the lamellae of which are intergrowths of ortho¬ 
clase or microcline (1). Inclusions of biotite, chlorite, quartz 
and apatite are also present 

Microcline is interstitial, often poikilitic, and intergrown with 
quartz. Myrmekite pustules occur at microcline-oligoclase con¬ 
tacts. Orthoclase is sparse, and usually turbid from sericitization. 
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Fig. 5. —Sketch micro-sections of the xenoliths occuring in the 
You Yangs granite. 

A. Fine-grained biotite-rich type of sedimentary origin. 

B. Hornblende-rich type of igneous origin. (or-orthite, s-sphene, 

b-biotite, h-hornblemle, o-oligoclase, q-quartz.) 

C. Hornblende-rich type with abundant rods of apatite, the hornblende 

mainly converted to actinolite (a-apatite, h-hornblcnde, q-quartz). 

D. Lobate areas of quartz (black) in optical continuity. 

E. Biotite-rich type of doubtful origin. Large plates of biotite contain 

ilmenite along cleavages, orthoclase (stippled), is interstitial, and 
apatite rods are common. 

F. Sphene (dark Stippling) wrapped around oligoelase (banded 

shading), quartz (colourless), biotite (dark), and orthoclase 
(light stippling). 

G. Biotite-rich type, probably of sedimentary origin, showdng the 

development of coarser-grained patches. 

H. Diopside-rich type containing a quartz-microcline pool surrounded 
by a ring of diopside. 
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I he Heavy Mineral Indices and Assemblages of the 

Xenoliths. 

The heavy mineral indices and assemblages of the different 
groups of xenoliths are shown in Table 3. A wide range of 
index figures is shown by the xenoliths of igneous and doubtful 
origin (Groups 2 (a), 2 ( b), 3), and is due to the variable 
amounts of biotite, hornblende and diopside. Sphene, zircon 
and apatite are present in all types. Orthite is absent from, and 
sphene rare in the sedimentary xenoliths, (Groups 1 (a) and 
1 (&)), whilst corundum is confined to Group 1 (a). Garnet 
occurs sparsely in Group 1 ( b ) and, like corundum, does not 
occur in the granite. 


Table 3. 


Heavy Mineral Assemblages of the Groups of Xenoliths. 



The symbols in brackets in Group 1 ( b ) indicate that the minerals were 
only observed in rock sections near junctions with granite or hybridized 
xenoliths. Group 1.—Sedimentary Origin. Group 2.—Igneous Origin. 
Group 3.—Doubtful Origin. 


Basic Schlieren. 

the occurrence and associations of basic schlieren have been 
described when considering the field occurrence of the You Yangs 
granite. They consist of biotite, zoned oligoclase in excess of 
orthoclase, clear quartz with undulatory extinction, and horn¬ 
blende showing dactylitic intergrowth with biotite. The biotite 
is exceedingly abundant, with numerous inclusions and pleochroic 
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haloes. Reaction fringes of granular sphene and ilmenite, are 
common, and double-ended, wedge-shaped crystals of sphene are 
also present. Chlorite occurs after hornblende and biotite, and 
muscovite, as small secondary flakes, after some of the felspars. 
Orthite, the most interesting mineral developed in these schlieren, 
constitutes 3.47 per cent, of the volume. It forms larger and 
more abundant crystals than in any of the other types of rocks 
at the You Yangs. 

The average sp. gr. of the basic schlieren is 2.95, and the 
average index figure 54.8. The, heavy mineral assemblage con¬ 
sists mainly of biotite with some hornblende, and orthite, sphene, 
apatite and zircon, similar to types represented in the giant 
granite. 

The fact that some of the xenoliths at Ouarry 1, where 
basic schlieren are best developed, are stretched out, points to 
the possibility of the bands being formed by further drawing out 
and granitization of the included rock. Sederholm (28, p. 99) 
considers that striping in granite results frony inclusions of 
foreign rock which have been more or less completely resorbed, 
and whose, femic constituents remain as stripes of black mica 
with a small amount of unchanged hornblende. 

Hybrid Types. 

Hybridized inclusions comprise those which, by advanced 
granitization, have lost all resemblances to the described types 
of xenoliths, but have not acquired the, texture of the giant 
granite, although a few examples approach closely to it. 1 hey 
are restricted in occurrence, and never exceed 3 feet across, 
except at Quarry 1, where they are present as bands between 
the basic schlieren. They are much finer in grain than the 
groundmass of the giant granite, and are, mostly non-porphyritic. 

A microgranite which contains all the constituents of the 
typical granite, except hornblende and orthite, occurs on the 
western side of the Rock Basin on Big Rock. In other 
examples, the texture varies from fine- to medium-grained, and 
orthite, sphene, sericite and chlorite are present, with more 
abundant zircon and hornblende. Biotite plates are larger, 
and contain more inclusions and haloes. The quartz is occa¬ 
sionally diamond-shaped and vermicular, and finer-grained inter¬ 
stitial quartz and felspar occur between larger crystals of the 
same minerals, 

b'ine-grained granite hybrids are sometimes met with on the 
eastern slopes of P. 8. They often merge into porphyritic 
granite in one direction, and porphyritic xenolith in the other 
direction. Some examples, however, have well-defined boun¬ 
dary lines against the granite. Fig. 4a indicates the relationship 
between a medium-grained hybrid granite and a biotite-rich 
xenolith. 
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The sp. gr. of the hybrids is 2.63, and their index figures vary 
tronr 6.2 to 13.5, the value depending on the original parent of 
the hybridized inclusion, or on the degree to which the xenolith 
has been absorbed by the granite magma. 

The non-porphyritic granite of Quarry 1, which is associated 
with the basic schlieren, is a good example of a hybrid granite. 
It is composed of abundant biotite, plagioclase in excess of 
orthoclase, quartz, sphene and numerous needles of apatite, but 
lacks the microcline so typically developed in the giant granite. 
It has been produced by increased granitization of the basic 
schlieren. 

Contamination and Hybridism, 

During the assimilation of invaded sediments and igneous 
rocks, granite becomes contaminated and basifjed by the addition 
of augite, sphene, diopside, hornblende and biotite (29, p. 70). 
Taylor and Gamba (32, p. 358) record augite and hornblende 
from the Oatland granite as contamination minerals derived 
from a basic rock (gabbro). They also state (p. 367), that 
it is impossible, to tell with respect to sphene, how much is 
primary and how much is secondary. The same statement 
applies to biotite. 

The xenoliths, which represent the arrested stages in a complex 
reconstruction scheme where a two-way migration is occurring, 
have become more acid through progressive granitization, giving 
rise to hybrid types (3). 

Several gradational stages of xenolithic dissolution are 
exhibited as the granite magma has penetrated the xenoliths— 
(a) angular xenoliths, consisting in part of the original material, 
show a certain amount of recrystallization indicative of thermal 
metamorphism, but retain remnants of original structures fe.g., 
residual ophitic structure in diabase inclusions'). (b) Rounding 
of the included blocks, and introduction from the granite of 
porphyritic crystals and pools of minerals which become poikilitic, 
as described by Quirke and Collins (24, p. 47). The sharp con¬ 
tacts of some examples, where, reaction seems to have been 
absent, may be due to the fact that local convection currents in 
the magma constantly removed the products of reaction at the 
surface of the xenolith until, finally, both assimilation and 
flowage were arrested by viscosity (29). The dark rims at the 
edges of some of the xenoliths are due to the aggregation of the 
ferromagnesian minerals produced there. Irregular embayme.nt 
by the granite (big. 4n), with small fragments of the xenolith 
dispersed through the adjacent granite as “strew” (3, p. 212), 
( r ' Penetration of the granite magma along planes of weakness 
in the xenoliths and the development of “ inshot ” inclusions 
(3, p. 212), as in Fig. 4b. Growth of these veins of granite 
resulting in the breaking up and drifting away of isolated frag¬ 
ments of the xenolith. (d) Development of hybrid types with 
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granite textures, which grade into (e) faded or ghostly remnants 
of xenoliths. Indistinct spottedness in the granite, produced by 
the strewing about of the clots of ferromagnesian minerals, repre¬ 
sents the last stages of dissolution of the xenoliths. 

When granitization is far advanced, the altered fragments 
have acquired definite granitic textures, and it is then difficult 
to distinguish the parent type from which such a hybrid was 
developed. A hybrid mode of origin is indicated by the follow¬ 
ing features:—(i) Dusty appearance of some of the felspars due 
to numerous small inclusions. (ii) Felspars altering to 
secondary micaceous minerals. (iii) Recrystallization of quartz 
tending to develop hexagonal and diamond-shaped areas. (iv) 
Development of shreds of ferromagnesians, and their further 
growth (24, p. 52). (v) Development of coarser-grained 

streaks and patches, and micrographic intergrowth of quartz and 
felspar, indicating increased molecular mobility and a tendency 
to recrystallize (24, p. 49). (vi) Development of the accessory 
minerals sphene, apatite, and zircon (24, p. 53). (vii) Growth 
of quartz and felspar with a diminution of the groundmass. 
These features (see Ouirke and Collins, 24) can be recognized 
in the hybrid rocks and some of the more granitized xenoliths at 
the You Yangs. 

In the field, the passage from porphyritic xenolith through 
fine-grained hybrid, and medium-grained granite, to porphyritic 
granite, is accompanied by a gradual reduction in the volume, of 
the xenolith due to the encroachment of the reaction zone, in 
which the hybrid type is developed (Fig. 4a). There is a 
colour change as well as a textural change, the hybrids becoming 
lighter in colour as more leucocratic constituents are introduced 
from the granite. 

Some of the xenoliths of Group 3, which contain a little 
hornblende and diopside, may represent advanced hybridization 
from hornblende- and diopside-rich types of igneous origin, for 
they often present characteristics which Thomas and Campbell 
Smith (33, p. 278) regard as probably indicating progressive 
acidification of hornblende-rich xenoliths. These characteristics 
are:—The formation of biotite at the expense of hornblende, 
the absorption of early formed felspars, and a new growth of 
alkaline felspars, the occurrences of sphene around magnetite 
and ilmenite. and a general development of small patches of 
myrmekite. 

It has been found that orthite, in the granite is usually confined 
to junctions with xenoliths. Since orthite crystals have been 
noted within the xenoliths, and abundantly in the basic schlieren, 
it is possible that the orthite at the You Yangs is a contamination 
mineral formed as a result of thermal metamorphism. 
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Corundum and garnet which occur in the xenoliths, and 
andalusite which occurs in the country rock, have not been found 
in the granite. Their absence is due to the fact that their 
alumina was made over to the, potash felspars which are so 
prominently developed in the giant granite. 

The Invaded Rocks. 

Only a few small outcrops remain of the igneous and sedi¬ 
mentary rocks into which the granite has intruded. 

The igneous rocks are found in the north of the area as a few 
small boulders of diabase (5) which resemble other Victorian 
diabases (e.g., Romsey), regarded as Cambrian in age. No 
contacts with the granite are observable. On account of the 
resemblance of some of the igneous xenoliths to altered diabase, 
the boulders are considered to be either a large weathered out, 
non-granitized xenolith, or the remnants of a roof pendant. 
Occasionally, introduced phenocrysts of oligoclase with inclusions 
of secondary amphibole, indicate infiltration of some granitic 
material. Very thin films of pyrrhotite are sparsely developed 
along some of the joint planes, and biotite is also present. The 
sp. gr. is 2.98, and the index figure 83.4, the heavy mineral 
assemblage consisting of abundant uralite, magnetite, occasional 
biotite, and rare pyrite and pyrrhotite. 

The sedimentary rocks in the south-western corner of the 
area are thermally altered arenaceous and argillaceous types, 
which have been described by Skeats (30). A residual pebble 
of similar material was found on the floor of Quarry 2. 

The heavy mineral assemblage of these altered sediments con¬ 
sists of small brown plates and bleached flakes of biotite, rare 
clear rounded grains of zircon free from inclusions and zoning, 
prisms and irregular grains of greenish-brown tourmaline, 
rounded grains and occasional prisms of foxy red and yellowish- 
brown rutile, and a few irregular grains of pink andalusite. 
Of the two types of rutile present, the rounded grains are probably 
original to the sediment, whilst prismatic crystals with pyramidal 
terminations arose from the pneumatolytic alteration of the 
original titaniferous content of the invaded sediments. 


Dykes and Veins Cutting through the Granite. 

Dyke D.l has been given the general term “porphyry dyke” 
because of its variability from place to place. Dyke D.2 is also 
called a “ porphyry dyke ” because, although it has an aplitic 
groundmass, it is too porphyritic to be termed an aplite, though 
Johannsen states (16, Vol. II., p. 93), that aplites occasionally 
develop a porphyritic texture. 
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Porphyry Dyke D.l. 

This dyke outcrops from north to south across the centre, of 
the You Yangs granite. The strike at the southern end is 
N. 6° W., and at the northern end it is N. 15° W. At the 
north and south extremities, between P.3 and P.12, and between 
P.12 and the Sugarloaf, the dyke is hidden by a superficial 
cover of granite detritus, except for occasional pebbles along 
its line of strike. 

On the southern flanks of the Sugarloaf, it has been displaced 
about 150 feet laterally by a small east-west fault. 

In places along its contact with the granite, a schistosity is 
developed in the dyke. This is best seen in weathered blocks 
on the western side of the outcrop on the western flanks of 
P.2. 

The southern portion of this dyke was first recorded by 
Skeats (30), and described as a hornblende porphyrite, grading 
into granite porphyry several hundred yards farther north. It 
was recorded as outcropping on the south-eastern flanks of 
Station Peak (now known as Flinders Peak), but, as shown on 
the accompanying map, its outcrop is on the south-western flanks 
of Grant’s Hill. Coulson (5), traced the dyke north for about 
2 miles through the granite, and states that its usual character is 
that of a felspar porphyrite, becoming a hornblende porphyrite 
near the diabase outcrop on the Sugarloaf. 

It weathers in a different manner from the granite, and can be 
readily picked out in the field. The tors are generally smaller 
than those of the granite, and have relatively smooth faces, with 
angular edges. Felspar phenocrysts protrude from surfaces of 
granite tors, but the tendency in the dyke is for pitting to 
develop, as a result of the weathering out of the felspars. 

'J’he variable nature of the dyke is striking. A traverse along 
its strike indicates a variance from place to place in both the 
nature of the groundmass and the size and number of felspar 
phenocrysts. At the higher levels, the phenocrysts are larger 
and more numerous with a tendency towards a rough parallelism, 
and the groundmass varies from dense and bluish to coarser- 
grained and greyish. The main bulk of the dyke is a felspar 
porphyry, outcropping typically as such on P.3 and on the 
southern shoulder of P.l2. 

The local variation in the nature of the dyke is indicated by 
four specimens taken from an area of 2 square yards on the 
northern flanks of P.12, of these, two were felspar porphyry, 
one was hornblende porphyry, and one granite porphyry. Of 
twenty sections from intervals along the outcrop, three were 
hornblende porphyry, seven granite porphyry, and ten felspar 
porphyry. 

Variability in the dyke is also indicated by the heavy mineral 
indices given in Table 4. 



150 George Baker: 


Table 4. 


— 

Nature of Dyke Rock. 

Location. 

Specific 

Gravity. 

Index 

Figure. 

Approximate 

Height. 

1 

Hornblende Porphyry 

S. end, S. slopes 

2.55 

3.7 

500' 


P. 2 




2 

Granite Porphyry .. 

S. slopes P. 2 

. . 

13.4 

600' 

3 

Felspar Porphyry .. 

N. slopes P. 3 

2.59 

10.3 

700' 

4 

») 99 » * 

N. slopes P. 12 

2.70 

11.3 

750' 

5 

»t J» * * 

99 19 

2.63 

11.4 

750' to 800' 

6 

Granite Porphyry .. 

Between P. 2 and 

2.66 

11.5 

800' 


P. 3 




7 

Schistose Porphyry 

W. slopes P. 2 

2.62 

6.2 

800' 

8 

Granite Porphyry .. 

W.N.W. slopes P. 2 

2.65 

13.0 

800' to 850' 

9 

99 99 • • 

9 9 99 

2.67 

14.0 

800'to 850' 

10 

Ji » • • 

The Sugarloaf 

2.63 

14.3 

850' 

11 

99 99 • • 

N.E. slopes P. 3 . . 

2.69 

15.4 

900' 


Average Specific Gravity—2.64. Average Index Figure—11.3. 


From the above table, it is seen that the dyke has a higher 
index figure at higher points of outcrop, and that those portions 
referred to as granite porphyry have higher values than the 
felspar porphyry. The average specific gravities (2.64 and 
2.65) and the average index figures (11.3 and 13.1) for the 
dyke and granite, are very similar. Where index numbers are 
higher for the dyke than average granite, it is thought that local 
absorption of basic xenoliths has occurred. 

The heavy mineral assemblage consists of zircon, apatite, 
sphene, biotite, hornblende (actinolitic and uralitic), augite, 
chlorite, magnetite, pyrrhotite, pyrite, ilmenite, hematite, and 
limonite, of which biotite and hornblende are the most abundant. 
This assemblage resembles that of the You Yangs giant granite. 

In section, phenocrysts of quartz, zoned and twinned oligoclase, 
orthoclase, microcline, amphibole and biotite show fritting, 
bending, shattering, and strain polarization. Sphene and 
myrmekite are not common, augite has been altered to fibres of 
actinolite. Small idiomorphic felspars with cloudy cores are 
often jacketed with a rim of clear oligoclase, and are character¬ 
istic of the dyke. The cloudiness is due to minute inclusions of 
limonitized iron ores, probably produced by the reheating of 
basic felspars derived from incorporated xenoliths (19). The 
groundmass is fine-grained to microcrystalline, but may be coarser 
in texture where patches of micrographic intergrowths occur. 
Schistose portions of the dyke show flow banding, produced by 
the streaming of groundmass constituents around phenocrysts. 

Granite fragments included in the dyke show embayment and 
shattering of quartz and felspar crystals, and contortion of 
biotite flakes. Similar structures occur in the granite at the 
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walls of the dyke, where a microgranular groundmass has been 
produced similar to that in parts of the dyke. 

Xenoliths in Porphyry Dyke D.l. These comprise (i) small 
fragments of granite, (ii) xenocrysts of quartz, oligoclase, 
orthoclase-perthite, clots of biotite, actinolite and diopside, and 
aggregates of felspar containing inclusions of biotite, actinolite 
and zircon, all of which have been derived from the granite, 
(iii) occasional xenoliths of foreign rocks similar to those of 
sedimentary and doubtful origin in the granite. The xenoliths 
of class (iii) are not numerous, and are best seen where the 
dyke outcrops on the eastern flanks and southern shoulder of 
P.12. One example contains areas of microcline in a hybrid 
zone thought to have been developed in the granite prior to its 
incorporation in the invading dyke. 

There is a remarkable similarity in hand specimens of certain 
portions of the dyke, and certain of the more granitized xenoliths 
with porphyritic textures which occur in the giant granite. 1 hey 
contain clots of ferromagnesian minerals, and it is thought that 
where the index figure for dyke exceeds that for average granite, 
the excess ferromagnesian content has come either from further 
local assimilation of basic xenoliths already partially granitized 
by the granite, and/or directly from the roof rock into which 
the dyke stoped its way. 

Rapid chilling occurred at parts of the contact with the granite, 
and the oncoming less viscous magma of the dyke exerted a drag 
on the chilled dyke-wall material, producing schistosity. The 
schistose portions should supply a closer approximation to the 
original composition of the dyke magma than the interior parts. 
The index number of the schistose portions is lower than those 
of the bulk of the dyke (see Table 4), indicating an initial acid 
composition. 

it has been stated that reaction products sink in vein granite 
which is undergoing basification by assimilation of gabbroic 
xenoliths, and that porphyritic felspars become increasingly 
prominent the more foreign material has been assimdated, the 
ferromagnesian content showing no steady downward inci ease 
(34, p. 197). Similar phenomena occur in pornhyry dyke D.l 
at the You Yangs, except that sinking of reaction products is not 
indicated by the index figures, higher values being obtained for 
the higher levels of the dyke. The textural variability, pro¬ 
minence of porphyritic felspars and increase of index figure with 
height, therefore lead to the conclusion that the dyke was intruded 
as an acid magma which advanced along a craD' in the gianite. 
After stoping and assimilating some of the granite and its 
inclusions, it penetrated the roof rock, and consolidated before 
even dispersal throughout its mass occurred, of the contamination 
minerals which it had obtained. 
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Porphyry Dyke D.2. 

On the south-western flanks of P.2, there occurs a 20-ft. wide 
dyke which is leucocratic and porphyritic. It is labelled on the 
map as D.2, and has a strike of N. 11° E. It is older than 
porphyry dyke D.l, which appears to cut across it, but no actual 
contacts are displayed. Professor Skeats refers to this occurrence 
as an acid dyke (30). The same dyke outcrops again on P.8, 
where it is reduced in width to 10 feet, and strikes N. 18° E, 
Numerous veins and dykes of aplite and a few veins of felspar 
with medial strands of quartz, are developed close to this dyke, 
and in a few instances may be observed as definite offshoots from 
it. On P.2, the dyke bifurcates, the main channel continuing 
along the general line of strike, whilst a narrower channel strikes 
almost due north. 

In section, the dyke consists of phenocrysts of quartz and 
oligoclase set in a saccharoidal groundmass comprised of quartz 
and microcline sometimes intergrown, orthoclase,, oligoclase, 
biotite, apatite and zircon; secondary limonite is present along 
cracks and mineral junctions. 

The index figure is 4.0, being about the same as that for aplite 
(4.1). The sp. gr. is 2.60, and the assemblage of heavy minerals 
consists mainly of biotite, occasional zoned zircons with inclusions, 
rare magnetite and pyrrhotite, and very rare hornblende. 

Aplite. 

Numerous dykes and veins of aplite cut the You Yangs granite 
in all directions, and are concentrated in the south-eastern portion 
of the area. They are usually cream-coloured, but may be 
pink from secondary iron staining. The greatest development 
is on P.1, P.2, and P.8, i.e., in the neighbourhood of Dyke D.2. 
A few narrow veins occur at the Sugarloaf, Big Rock, and on 
the southern flanks of Flinders Peak. 

On the south-eastern slopes of P.6 is an irregular intrusion 
of aplite (Plate XI., Fig. 2), which is rather coarser in grain than 
the dykes and veins. It contains xenoliths of granite, and has 
created a local planar parallelism in the minerals of the granite 
for a distance of 2 feet from the contacts. 

There is no apparent relationship between the injection of the 
aplite and jointing in the granite, for in most cases, the aplites 
cut right across the joint planes. 

The width of dykes and veins varies from 1 inch to 10 feet, 
and they often contain felspar secretions and strands of quartz. 
Their dip varies from 13° to vertical, and in rare cases they are 
horizontal. 

In thin section, the aplites are. uneven in grain size, but usually 
have a saccharoidal texture, the grains being sutured and inti¬ 
mately interlocked. They consist of quartz, microcline, partly 
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sericitized orthoclase, rare oligoclase, occasional plates and sheaves 
of muscovite, biotite, and secondary limonite outlining some of 
the grains. Micrographic intergrowths occur between quartz 
and microcline, and quartz and orthoclase. Myrmekite is rare. 
The coarser-grained aplites are inclined to be porphyritic, but 
do not develop phenocrysts as prominently as in porphyry dyke 

D. 2. 

The sp. gr. is 2.59, and the index figure 4.1, and in the heavy 
mineral assemblage, biotite is the most important, accompanied 
by chlorite, magnetite, hematite, limonite, zircon of the giant 
granite type, and rare hornblende. 

Pegmatite, 

Occasional lenses and strands within aplite, and veins in 
granite have pegmatitic affinities. The strands may be more or 
less central, or present as coarser-grained edges to aplite veins (9), 
the former occurrences being the more common. The pegmatite 
is much more restricted than the aplites, and like them confined 
to the south-eastern portion of the area. 

Graphic intergrowths, white to cream-coloured, twinned 
felspars, and a few small books and shreds of biotite are, visible 
in the hand specimerj. Under the microscope, they consist of 
quartz, microcline-microperthite graphically intergrown with 
quartz, orthoclase-perthite with irregular intergrowths of quartz, 
radial intergrowths of quartz and microcline, and granophyric 
intergrowths of the same minerals. Oligoclase and myrmekite are 
uncommon, and the microcline crystals sometimes show mortar 
structure. Biotite and muscovite are occasionally present, and 
limonite occurs along cracks and cleavages. 

Coarse-grained quartz-felspar veins, 3 inches wide, occur on 
the southern flanks of P.l and at Big Rock, and they grade 
imperceptibly into the granite. They taper, seldom possess 
parallel walls, and usually show graphic intergrowths. 

Quartz Veins. 

Quartz veins are scarce. A 4-in. vein occurs on the north¬ 
eastern slopes of P.8, a few narrow veins penetrate both the 
granite and aplite, and are probably associated with the last 
phases of injection of porphyry dyke D.2. On the western 
flanks of P.2 a vertical 1-ft. dyke of reef quartz, striking 

E. 40° N., has been unsuccessfully worked for gold. It pene¬ 
trates the granite and porphyry dyke D.l, and has been trenched 
where it crosses the dyke. Contacts with the dyke are wavy but 
well defined. This quartz dyke consists of a sutured, interlock¬ 
ing aggregate of quartz grains of variable size, with occasional 
thin films of reddish-brown iron oxide outlining them. 
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The veins and dykes of aplite, pegmatite, and quartz-felspar 
are derived from the rest magma of the granite, and according 
to Johannsen (16, vol. 11 , p. 92), would be intruded whilst the 
granite magma was consolidating or shortly after while it was 
still hot, and he states that the aplites are similar in composition 
to the parent rock, except that they represent a leucocratic 
differentiation phase. The You Yangs aplites would therefore 
be termed Granite-Aplites (16). 

1 he patches and strands of coarse quartz and felspar crystals 
are probably attributable to some kind of filter-press action under 
stress, whereby the fluid residuum of low consolidation tempera¬ 
ture was expressed at a late, stage in the consolidation of the 
larger mass of the granite (3, p. 222). Where aplites, and 
pegmatitic patches and strands are intermingled, the residuum 
was a more fluid pegmatite magma which was injected before the 
aplite, so that pegmatite which had ceased to crystallize in the 
passages which it occupied, was pushed aside or surrounded by 
the later aplitic magma, the aplite filling in any remaining cavities 
and passages in which no pegmatite had crystallized. As a 
result of these processes (quoted from Anderson in Johannsen 
(16, vol. 1, p. 97), the aplite would form a border zone in 
some cases and occur as central strands in others. 


Monchiquite and Nepheline Monchiquite. 

iwo dykes and a small plug of monchiquite occur at the You 
Yangs, and are marked on the map as D.3. One dyke is a 
nepheline monchiquite. They intrude the granite, and may be 
associated with the late Tertiary (Newer Basaltic) igneous 
activity (31). Their trend is controlled by the north-western- 
south-eastern major joints of the granite. 

the small plug, which is very weathered, is 20 feet x 10 feet 
in area, and occurs on the northern flanks of P, 11. One of 
the dykes occurs on the north-north-eastern and northern slopes 
of blinders Peak, and is much fresher than the, plug. It is 
8 feet to 9 feet wide, and has been traced for 400 yards. The 
strike is W. 40° N. The dyke is not exposed all along its out¬ 
crop, but disappears from view under the recent sands and 
gravels of a small tributary to Branding Yard Gully between the 
northern end of Flinders Peak and P.5, and reappears on the 
saddle between P.4 and P.5. It has not been found further 
north-west than this saddle, nor further south-east than the 
400-ft. contour above Branding Yard Gully, on the eastern side 
of Flinders Peak. The other dyke, which is nepheline-bearing, 
outcrops for a distance of about 30 yards on the north-eastern 
slopes of P.6, and is situated south-west of Quarry 1. It is 
10 feet wide. 
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The outcrops of monchiquite are represented by small boulders 
of dark brown colour, intermingled with granitic detritus. The 
outcrop on Flinders Peak has an amygdaloidal appearance, its 
sp. gr. is 2.95, and heavy mineral index 69.2. Phenocrysts of 
pale yellowish-green augite are abundant in the fresher samples. 

The nepheline monchiquite on P.6 tends to be lamprophyric, 
containing occasional large plates of biotite 0.5 cms. across, and 
crystals of black augite 1.75 cms. long. It also contains segre¬ 
gations of biotite and augite, and a few xenoliths of granite. 

In section, the monchiquite is porphyritic to glomeroporphyritic. 
Augite phenocrysts are abundant as large idiomorphic crystals, 
smoky-grey in colour, and carrying strings of small bubble-like 
inclusions. Smaller crystals of augite, with occasional inter¬ 
penetration and multiple twins, are green or pale violet in colour, 
and pleochroic. Some of the pale violet (titanaugite) crystals 
include sharply differentiated cores, often green, of resorbed 
aegerine-augite, similar to those described by Edwards from 
Victorian Tertiary lavas (10). Augite is also abundantly deve¬ 
loped in the groundmass as very small granular, and idiomorphic, 
pale violet to colourless crystals. 

Olivine is not common, but shows occasional good crystal out¬ 
lines, (100) cleavages, and irregular cracks along which serpen- 
tinization and iddingsitization have occurred. It is mainly present 
as grains of irregular shape, and is at times surrounded by a 
zone of augite. 

Biotite is present as large plates free from inclusions, and 
also as small brown crystals in the groundmass. The amygdales 
contain calcite and occasional analcite. Ilmenite occurs through¬ 
out the rock as innumerable grains, and is partly altered to 
secondary iron oxide. It may rim serpentinized olivine, or occur 
as granular cores in augite. Picotite is rare, shows two good 
cleavages, black borders, and is greenish-brown in colour. 

The groundmass in the P.ll and Flinders Peak occurrences 
consists of a brown isotropic glass containing crystallites of 
augite. In the nepheline monchiquite, glass is rare, while idio¬ 
morphic and interstitial areas of nepheline are abundantly 
developed. 

The effect of the inclusion of xenoliths of granite in the 
nepheline monchiquite of P.6 has been the abundant development 
of microlites of augite at contacts, and an introduction of the 
groundmass of the dyke along cracks in the xenoliths. This 
has attacked and decomposed most of the biotite with the forma¬ 
tion of a brown glass. Calcite and nepheline occur in one of 
the granite inclusions near the junction with the dyke rock. 
In these xenoliths of granite, microcline is only sparsely repre¬ 
sented, so that such inclusions may represent a non-porphyritic, 
deep-seated phase of the granite mass. 
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Explanation of Plate XI. 

Fig. 1.—Portion of face of Quarry 1. a—bands of coarse-grained 
granite, b—basic schlieren (biotite bands), c—joint face, 
d—biotite clots, e—giant granite, f—non-porphyritic 
granite, g—curved horizontal joint plane. The structure 
resembles that of a drag-fold with minor puckers. The 
size of the face shown is about 15 ft. by 12 ft. 

Fig. 2. —Irregular intrusion of aplite showing jointing. 



Pkoc. R. S. Victoria. 48 (2), 1935. Plate XI. 
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[Proc. Roy. Soc. Victoria, 48 (N.S.), Pt. II., 1935.1 

Art. XIII .—Records and Descriptions of some Australian 
Devonian Fishes. 

By EDWIN SHERBON HILLS, M.Sc., Ph.D.. D.I.C., F.G.S. 

LRead 12th December, 1935; issued separately, 1st June, 1936.] 

The palaeontological material described in this paper comprises 
several noteworthy specimens of Devonian fishes from the fol¬ 
lowing districts;—Buchan, Victoria (Middle Devonian); Gil- 
berton, Queensland (Middle Devonian) ; Mansfield, Victoria 
(Upper Devonian) ; and Hervey’s Range, N.S.W. (Upper 
Devonian). The record of Upper Devonian fishes from near 
Mansfield is particularly interesting, as the presence of an Upper 
Devonian series in this district had not been suspected previous 
to the discovery of the fishes by Mr. H. B. Hauser. 

Locality 1.—Buchan, Victoria. 

Horizon.—Middle Devonian (marine limestones). 

Material.—The lower jaw of a large Dipnoan. Preserved in 
the National Museum, Melbourne, Register No. 13837. Exact 
locality unknown. 


Text-figure 1. 

Lower jaw of a large Dipnoan. 
Middle Devonian, Buchan, Vic¬ 
toria. X 1/3. Ang., angular: 
den., dentary; pr. art., pre- 
articular; po. sp.. post-splenial; 
sp., splenial. The broken lines 
suggest the probable outlines of 
missing parts. 


The specimen has been determined in a provisional way by 
Mr. Chapman, as probably referable to Dipnorhynchus, a Dipnoan 
occurring also in the Middle Devonian limestones of Taemas, 
N.S.W. (Hills, 1933.) 

Description.—The specimen consists of a large lower jaw, 14 
cm. wide between the articulars, which has been freed from the 
matrix on its underside, but whose inner parts are still embedded 
in hard limestone. The underside of the jaw was originally 
covered with thick cosmoid bone, but this has been partly broken 
away, exposing a cast of the inner surface. This cast shows 
the impression of grooves radiating from the growth centres 
of the dermal bones (Fig. 1), which enables the individual bones 
to be identified, although no trace of sutures is visible on the 
exterior. Most of the upper surface of the jaw, and also the 
dentary and the articular parts of the rami, are missing. 
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Compared with its width, the jaw is relatively very short, the 
estimated length being 12 cm., and the width 14 cm.' This fact, 
together with the robustness of the jaw, the absence of pointed 
teeth, and the shape and arrangement of the dermal bones, leave 
no doubt that the jaw is that of a large Dipnoan, from which the 
dental olates are missing. In its osteological characters, it is 
very similar to the lower jaw of Dipterus platycephalus (Ag.), 
the description of which by Watson and Gill (1923) has been 
followed with regard to the nomenclature of the bones. 

Anteriorly, it is clear that a dentary was formerly present 
(Fig. 1), posteriorly to which are paired bones whose surface 
is smooth in front and punctate behind. These are the splenials. 
Between these bones and the angulars, which form the outer 
surface of the jaw, are the post-splenials. The shape of the 
articulars and pre-a’-ticulars cannot be made out, owing to the 
incompleteness of the articular parts of both rami and the pre¬ 
sence of matrix between them, but a cross section which has 
been cut across the left ramus at some time, allows the histo¬ 
logical structure to be determined (Fig. 2). It may be seen 



Text-figure 2. 

Section across the left ramus of the Dipnoan 
from Buchan. Approximately natural size. Ang., 
angular; art., articular; can., canal; pr. art., 
pre-articular. Note the contrast between the 
spongy replacement bone and the dense dermal 
bones. 


that between the dense angular and pre-articular dermal bones 
there is a mass of spongy bone, which represents an articular 
ossification of the posterior parts of Meckel’s cartilage, and that 
a large canal runs forwards between the angular and the articular, 
probably opening anteriorly into the supra-Meckelian vacuity. 

Ln size, robustness, and tendency to fusion of the dermal bones, 
the specimen resembles Dipnorhynchus, but the lower jaw of 
that genus is unknown, and the absence of dental plates in the 
specimen under consideration makes comparison with other 
genera difficult, so that its generic position is, I think, uncertain. 
It is interesting, however, to note the presence of these large 
Dipnoans in marine Middle Devonian limestones at both Buchan 
and Taemas. 
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Locality 2.—Gilberton District, Queensland. 

Horizon.—Middle Devonian (fide Dr. F. W. Whitehouse). 

Material.—An imperfect Antiarchan posterior median dorsal 
plate, associated with plant remains. 

This plate was obtained by Dr. F. W. Whitehouse, who kindly 
sent me a plaster cast of it, the specimen itself being attached 
to a large block of stone. Tt is preserved mainly as a mould of 
the interior of the plate, with part of the bone still adhering in 
places. 

Description.—The plate is 8 cm. long and approximately 5.6 
cm. wide at the widest part, where it is probably incomplete. 
Anteriorly and laterally, the areas of overlap on to the anterior 
median dorsal and posterior dorso-laterals are clearly shown, the 
posterior edge being free (Fig. 3). The usual median ridge for 


Text-figure 3. 

Posterior median dorsal plate of an 
Antiarchan. Middle Devonian, Gilberton 
District, Queensland. X i. Ovd. amd., 
area overlapping on to the anterior median 
dorsal plate; ovd. pdl., area overlapping 
on to the right posterior dorso-lateral 
plate. The broken lines represent the 
probable outlines of missing parts. 


the attachment of the soft parts is present on the underside, and 
also the internal rounded transverse ridge bordering the posterior 
opening of the body carapace. The ornament consists of low 
rounded tubercles joined by anastamosing ridges. 

Owing to the absence of diagnostic features, generic deter¬ 
mination of this specimen is not possible, although its Anti¬ 
archan characters are obvious. This is the first record of Anti¬ 
archan from the Middle Devonian of Australia, and it would be 
interesting to know the genus represented, but this determination 
must wait upon the discovery of further material. 

Locality 3.—-Mansfield, Victoria. 

Horizon.—Upper Devonian. 

Material.-—Fragmentary remains of placodermatous fishes, 
preserved as moulds in siliceous sandstone which fractures in a 
very irregular manner. The fossils were studied by cleaning 
away any remaining bone, and also iron oxide incrustations, with 
hydrochloric acid. 
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_ The collection was made by Mr. H, B Hauser, from Allotment 
75a, Parish of Loyola, at the summit of the western flank of the 
South Blue Range, and is now preserved in the museum of the 
Geology Department, University of Melbourne. 


Genug Phyllolepis. 

Description.—Some of the plates from Mansfield exhibit the 
meandrine surface ornament characteristic of the Phyllolepidae 
(Fig. 4), but none of the fragments preserved can be matched 
with certainty with any individual plate of the carapace of 


Text-figure 4. 

Phyllolepis sp. Upper De¬ 
vonian, South Blue Range, 
near Mansfield, Victoria. 
Perhaps a portion of one of 
the anterior ventral plates. 
X 2/3 approximately. 



Phyllolepis. Up to the present, this uncertainty has also existed 
in the case of the Phyllolepidae from the Upper Devonian of 
Taggerty, and some doubt might have been entertained as to the 
systematic position of these presumed Phyllolepid remains, 
especially as their histological structure (Hills, 1931, p. 213) 
appeared to d : ffer from that of Phyllolepis plates as described 
by Gross (1934) and Stensio (1934). Any doubt as to the 
generic identity of the remains from Taggerty is now removed 
by the discovery of a plate (PI. XII., Fig. 1) which can be 
identified by means of Stensio’s descriptions, as a left posterior 
ventro-lateral. Another plate, one of the original collection, 
may now also be matched with a plate of unknown position, 
referred by Stensio to Phyllolepis (Stensio, 1934, PI. 1, Fig. 1). 
Furthermore, one of the plates formerly figured by me (Hills, 
1931, Fig. 2, No. 1), in all probability represents a lateral 
posterior part of a median cephalic plate, as the sharp flexure 
of the ornament seen in the fragment is characteristic of these 
plates in Phyllolepis species. 

It is clear, therefore, that the plates from Taggerty are refer¬ 
able to Phyllolepis as the genus is at present constituted, and the 
apparent absence of bone cells in these plates, as formerly 
reported, is certainly due to the poor state of preservation, which 
does not allow them to be identified. 

The plates obtained from Mansfield, owing to their character¬ 
istic ornament and extreme thinness, may be referred to Phyllo¬ 
lepis also, and it is possible that the specimen figured (Fig. 4) 
represents a part of one of the anterior ventral plates. 
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Genus Bothriolepis. 

Description.—Certain of the plates from Mansfield are defi¬ 
nitely Antiarchan, one (Fig. 5) being recognizable as the 

Text-figure 5. 



Bothriolepis sp. Upper 
Devonian, South Blue 
Range, near Mansfield, 
Victoria. Posterior por¬ 
tion of a right anterior 
ventro - lateral plate. 
Slightly reduced. Adi., 
area overlapping on to 
the right anterior dorso¬ 
lateral plate; avl., area 
overlapping on to the 
left anterior ventro¬ 
lateral plate; mv., area 
overlapping on to the 
median ventral plate; 
pvl., area overlapping on 
to the right posterior 
ventro-lateral plate. 


posterior portion of a right anterior ventro-lateral plate, of 
moderately large size. There are also two fragments of pectoral 
appendages, which are definitely of the Bothriolepis type, and 
may provisionally, in the absence of more complete specimens, 
be referred to that genus. One of these specimens (FI. Ail., 
Fig 3) consists of portion of the proximal part of the fin, including 
the joint with the distal part. A small subtriangular anconeal 
plate is present, showing the " Siehknorkcn” structure character¬ 
istic of joint surfaces in the Antiarchi. d he arrangement of 
the ornament on the adjacent plates, as well as the Faces o 
sutures, enable the form of the external and internal maigmals 
to be made out, leaving no doubt that the arrangement of the 
plates is that typical of the dorsal surface of the pectoral fin of 
Bothriolepis. The ornament, which resembles that on the 
anterior ventro-lateral above referred to, is similar to that ot the 
larger Bothriolepis species, and on the outer edge of the external 
marginal in the second fragmentary fin from this locality, is an 
enlarged series of tubercles. 

Remarks.—The presence of Phyllolcpis and Bothriolepis. in 
the collection obtained from the South Blue Range definitely 
indicates the age of the beds in which they occur to be Upper 
Devonian, since both these genera are, so far as is known, 
restricted in their occurrence to that senes. Upper Devonian 
rocks have not previously been recognized in the Mansfield dis¬ 
trict, although, as is well known, an extensive Lower Carboni¬ 
ferous fish fauna has been obtained from a locality which is 
usually referred to simply as “ Mansfield,” but which is actually 
about six miles north of the town, near the junction ot Bridge 

14867.—6 
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Creek with the Broken River. The Upper Devonian fish, on 
the other hand, were found about two miles to the south of 
Mansfield. 

Pending further investigation of the stratigraphical relation¬ 
ships of these Upper Devonian and Lower Carboniferous beds, 
which is being undertaken by Mr. Hauser, it may be indicated 
that the discovery of Upper Devonian fishes in the South Blue 
Range in no respect invalidates the conclusion reached by Smith 
Woodward (1906), that the fish fauna from Bridge Creek is 
Lower Carboniferous. The Upper Devonian beds in the South 
Blue Range definitely underlie the Lower Carboniferous, forming 
the base of a thick series of Upper Palaeozoic sediments which 
occupies the Mansfield basin, and the stratigraphical sequence 
at Mansfield is now seen to agree in general with that established 
for the southern parts of the Eastern Upper Palaeozoic Belt 
(Hills. 1931), viz.:— 

Lower Carboniferous — 

Sandstones, conglomerates, &c., without interhedded lavas. 

Conformity. 

Upper Devonian — 

Sandstones, conglomerates, &c., usually with interhedded 
acid to basic lavas. 

Unconformity. 

Plant remains, some of which are well preserved and show 
details of histological structure, are associated with the Upper 
Devonian fishes at the South Blue Range, and there are also in 
the collection some plates whose ornament is quite distinct from 
that of Phyllolcpis or Bothriolcpis, but which are too fragmentary 
for determination. 

Locality 4,— Hervey's Range, N.S.W. 

Horizon.—Upper Devonian. 

Material.—Mould, in sandstone, of a Dipnoan dental plate. 
Preserved in the Museum of Comparative Zoology at Harvard, 
Register No. 5285. 

This specimen was collected from the Gingham Gap, Hervey’s 
Range, by Mr. W. E. Schevill. of the Museum of Comparative 
Zoology at Harvard. Photographs of the dental plate were very 
kindly sent to me. and permission to record the discovery granted. 

I am also indebted to Mr. Schevill for the loan of the Phyllolcpis 
plate from Taggerty. figured herewith as PL XII., Fig. 1. 


Genus Dipterus Ag. 

(PI. XII., Fig. 4.) 

Description.—The dental plate, which is sub-triangular, bears 
seven denticulate comb ridges radiating from a point, in the 
manner characteristic of Dipterus. The shape of the specimen 
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suggests that it is one of the palatine plates (the right). The 
pattern of the comb ridges is quite distinct from that in the 
palatine plates of Dipterus microsoma Hills, from Taggerty, and 
it is therefore probable that a new species of Dipterus is repre¬ 
sented, although sufficient diagnostic characters to enable it to 
be erected are not represented. 

The recognition of Dipterus in the Upper Devonian of Hervey’s 
Range is an interesting addition to the list of fishes already 
recorded from this locality (see Hills, 1932). 

Conclusion. 

In view of the recent advances that have been made in our 
knowledge of the Devonian fishes of Australia, it may be useful 
to summarize the information now available concerning the 
occurrence of these forms. In addition to the genera cited in 
the following list, fragmentary material, incapable of precise 
determination, but in some cases clearly distinct from the forms 
mentioned, has been obtained from several of the localities given, 
as well as from others not referred to. An indeterminate placo- 
dermatous plate, perhaps belonging to an Arthrodire, has been 
obtained from the Upper Devonian of the Napier Range, Kim¬ 
berley District, W.A. (Woodward, in Glauert, 1910, p. 113), 
and a form stated to be allied to Macropetalichthys is reported 
to occur in beds probably of Middle Devonian age at Goodra Vale, 
N.S.W. (Woodward 1916). I have also examined a fish plate 
from Coradgery. N.S.W. (Geol. Surv., N.S.W., No. F. 5720) 
which is referable to Phyllolepis, and is therefore in all probability 
of Upper Devonian age. 

These forms, together with those listed below, comprise all 
the Devonian fishes so far recorded from Australia. 

Upper Devonian. 

Blue Hills, near Taggerty, Vic. (Hills, 1931).— Bothriolepis 
gippslandicnsis Hills: (?) Remigolepis sp.; Phyllolepis 
sp.; Dipterus microsoma (Hills). 

Freestone Creek, near Briagolong, Vic. (Hills, 1931).— Bothrio- 
Icpis gippslandicnsis Hills; Striacanthus sicaeformir 
Hills; (see Note 1). 

South Blue Range, near Mansfield, Vic.— Bothriolepis sp.; Phyl¬ 
lolepis sp. 

Hervey’s Range, near Parkes, N.S.W. (Hills, 1932).— Bothrio¬ 
lepis sp.; Remigolepis sp.; Phyllolepis sp.; (?) Striacan¬ 
thus sp.; Dipterus sp.: (?) Holoptychius sp.; (see Note 2). 
Canoblas Mts., N.S.W. (Hills, 1932).— Bothriolepis sp. 

Jemalong Gap, near Forbes, N.S.W. (Hills, 1932).— (?) Gyro- 
placosteus sp.; (see Note 3). 
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Middle Devonian. 

Buchan, Vic.— Coccosteus osseus Hills; Dipnoau, (?) genus; 
(see Note 4). 

Taemas, N.S.W. (Hills, 1933).— Dipnarhynchus sussmilchi 
(Etheridge hi.). 

Gilberton District, Queensland.—Antiarchan, ( ?) genus. 

Notes. —(1) In a review of my paper (1931) on the Upper 
Devonian fishes of Victoria, Gross (1932) has written, with 
regard to the genus Striacanthus Hills, that “ the finspines belong 
to the genus Onchus, of which the author has obviously not 
thought, and resemble the Onchus spines from the Baltic and 
American Devonian” (translation). It is true that in their 
general external form, Striacanthus spines resemble those of 
Onchus. but in the latter genus the base of insertion is smooth, 
or at most, marked with extremely fine striae (see Gross, 1933, 
PI. 2, Fig. 6), while in Striacanthus it bears a very distinct 
longitudinal ribbing. Of more importance, however, is the his¬ 
tological structure. In Striacanthus there are several small 
canals running through the spine parallel to the large central pulp 
cavity, and this structure is not shown by any Onchus spine 
known to me (see the figures given by Gross, 1933, and Rohon, 
1893). I therefore maintain that Striacanthus and Onchus mav 
be considered as generically distinct. 

(2) In view of the very fragmentary nature of the remains 
from Hervey’s Range previously referred by me to Striacanthus 
and Holoptychius. some doubt may legitimately be entertained 
as to the correctness of these determinations. This is indicated 
in the list by notes of interrogation. 

(3) The impression of a very large dermal plate from the 
Jemalong Gap, previously recorded (Hills, 1932, p. 852) as 

suggestive of a very large Bothriolepis,” bears a striking 
resemblance in size and ornament to the dermal plates of the 
genus Gyroplacosteus, recently erected by Obrutschew (1933). 
The two species of this genus described by Obrutschew both occur 
in the Upper Devonian of districts bordering the Sjass River, in 
Russia. 

(4) Re-examination of the specimen from Buchan, previously 
referred by Chapman (1916) to Phlyctaenaspis, makes it clear 
that this is really Coccosteus. It will be described by me as 
a new species, C. osscus. in a forthcoming paper. 



Pboc. R. S. Victoria, 48 (2), 1935. Plate XII 
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Explanation of Plate. 

Fig. 1.— Phyllolepis sp. Upper Devonian, Blue Hills, near Taggerty, Vic¬ 
toria. Impression of an imperfect left posterior ventro-lateral plate. 
X 4/3. The line indicates the probable outline of the complete 
plate, ovd., area overlapping the left anterior ventro-lateral plate. 
Museum of Comparative Zoology, Harvard, U.S.A., Reg. No. 5276. 

Fig. 2.— Phyllolepis sp. Upper Devonian, Blue Hills, near Taggerty, Vic¬ 
toria. X 2 approx. Plate of unknown position, similar to that 
figured by Stensio (1934), PI 1 Fig. 1. Department of Geology. 
University of Melbourne, Reg. No. 791. 

Fig. 3. — Bothriolepis sp. Upper Devonian, South Blue Range, near 
Mansfield, Victoria. Impression of the dorsal surface of an im¬ 
perfect right pectoral fin. Approx, nat. size. Anc., anconeal plate; 
eni., external marginal plate: im.. internal marginal plate; ovd., area 
overlapped by the distal part of the fin. Department of Geology, 
University of Melbourne, Reg. No. 1588. 

Fig. 4.— Dipterus sp. Gingham Gap, Hervev’s Range, near Parkes, 
N.S.W. Impression of a right palatine dental plate. X 5. Museum 
of Comparative Zoology. Harvard. Reg. No. 5285. 
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[Proc. Roy. Soc. Victoria, 48 (N.S.), Pt. II., 1935.] 

Art. XIV .—Ecological Studies in Victoria. Part IV .— Basalt 

Plains Association. 

By R. T. PATTON, D.Sc. (Melb.), D.I.C. (Lond.), 

M.F. (Harv.), F.R.H.S. 

[Read 12th December, 1935; issued separately, 1st June, 1936.] 

The Basalt Plains are very extensive in Victoria, stretching 
from the vicinity of Melbourne to near the South Australian 
border. They are generally characterized throughout by an 
absence of trees and shrubs. Occasionally, either isolated speci¬ 
mens of Casuarina stricta, or more rarely in the western parts, 
of Acacia mclanoxylon are met with. At times, Casuarina stricta 
occurs singly or in small dense clumps, similar to those formed 
by Casuarina Luehmannii, which is also present at Bacchus Marsh, 
in the grass lands of the north-west. Both Eucalyptus rostrata 
and E. ovata occur at times in open formations, especially where 
water tends to lie for some time. However, the trees are never 
tall and may be very much bent with the wind. Both E. hemi- 
phloia and E. melliodora are found in the eastern parts. With 
these exceptions the plains are covered with low herbage, but 
during October and November the inflorescences of the grasses 
give a much higher vegetation. At this period of the year the 
grasses are very conspicuous, but so also are other plants, by 
reason of their flowers. It is characteristic of the Basalt Plains 
vegetation that the flowers of several families are carried aloft, 
frequently on long stalks. As soon as the weather becomes hot 
and dry the flowering period rapidly passes, and. owing to the 
extra height of the grasses, the plains assume a yellowish colour. 
Most of the vegetation passes into a resting stage until the follow¬ 
ing autumn, when the amount of evaporation decreases sufficiently 
to allow the rainfall thoroughly to moisten the soil. Vegetative 
activity then recommences, and continues slowly through the 
winter, but in the spring growth is rapid and there is, in late 
spring and early summer, a burst of floral activity. 

The vegetation of the Basalt Plains may be described as Steppe, 
in so far as the spring and summer aspects are concerned. It 
consists largely of grasses which are grey-green in colour, and 
which do not form a close turf, but occur in tufts (Fig. 3) 
separated from one another by patches of bare earth which 
usually, during the summer season, open out into a series of 
cracks. Associated with the grasses is a large number of 
herbaceous dicotyledonous herbs, among which members of Com- 
positae are particularly abundant. The burst of vegetative and 
reproductive activity in the spring, the dormancy during the hot 
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period of the year, the patches of bare ground between indi¬ 
viduals, the absence of trees, and the dominance of the grasses 
naturally class this type of vegetation as Steppe. 

When, however, we turn to descriptions of Steppe by various 
authors, we find there are characteristics mentioned, not to be 
found in this Association. The features of Steppe given by 
Schimper (1903) agree in general with those found m basalt 
plains, except for the statement that, in the winter, the super¬ 
ficial parts of plants are mostly dried up. On the Basalt Plains, 
the vegetation is greenest during the winter. Warming (1909) 
states that there are two periods of rest, in summer, and in winter. 
On the Basalt Plains there is only one, from mid-summer until 
the late autumn. Warming states that the summer period of rest 
is due to drought, which is the case here, while the winter rest is 
due to cold. That is not the position here for the temperatures 
are mild enough for vegetative and floral activity ( Fig. 5). These 
statements are further emphasized by the remarks that the 
summer is exceedingly hot and dry, while the winter is very 
severe and long with violent snow storms. This latter climatic 
feature is wholly unknown on the Basalt Plains. However, 
Warming notes several features which are typical of these plains, 
such as the perennial tufted grasses, bulbous or tuberous plants, 
grey-green faded tone, and cracks in the soil. He also states 
that annuals are a feature of Steppes, but this is not so on the 
Basalt Plains. Further, Warming notes that where edaphic con¬ 
ditions are favorable, forest occurs. This is to be seen at Broad- 
meadows, for example, where Grey box, E. hemiphloia, occurs. 

Lundegardh (1930) considers that the conditions for Steppe 
are, annual rainfall below 40-50 cnrs. (16 to 20 inches), dry 
summers, and soil constitution which retains the rainfall in the 
upper layers. The rainfall is approximately 25 inches, evenly 
distributed throughout the year, but the portion which falls in the 
summer period is lost for plant use due to high evaporation. 
Lundegardh also refers to the fact that in Steppes the soil is 
frozen in winter. Much more descriptive language is used by 
Haviland (1926) with regard to climate. This author states that 
“ fierce extremes of climate are an outstanding feature.” To sum 
up, the points of agreement between these authors and the con¬ 
ditions existing on the Basalt Plains of Victoria are, character of 
herbage, treelessness, dry hot summer, nature of soil and period 
of rest, while the chief point of difference is concerned with the 
winter period. In other lands, there is an intensity of cold and 
consequently a cessation of vegetative activity. 

We may define Steppe, therefore, as xerophytic grass land 
where the "grasses do not form a turf, but exist in clumps distinct 
from one another, with bare ground between them. Associated 
with the grasses are a large number of other herbaceous species, 
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which reach their peak of activity in the spring, and then pass 
into a resting period. The temperatures are high in summer, and 
the rainfall in this season insufficient for vegetative activity. 
With a moderate rainfall, such as occurs in this State, soil is an 
important factor in determining Steppe. At lower rainfalls soil 
ceases to have effect, and probably rainfall is the sole deter¬ 
mining factor. 

Composition. 

The composition of the flora of the Basalt Plains Association 
differs very widely from those of the other two large associations 
adjacent to it in the metropolitan area, the Heath on the Tertiary 
Sands and the Sclerophyll Eucalypt Forest on the Silurian sedi¬ 
mentary rocks. All three associations exist under similar 
climatic conditions. On the Basalt Plains, the two families with 
most representatives in genera, species, and individuals are 
Gramineae and Compositae. No other family approaches them 
m these respects. Each dominates the landscape at its respective 
flowering period, the grasses following quickly on the Compo¬ 
sites. Both of these are amongst the ten largest families in 
Australia. Of these ten, the other eight families are feebly, if at 
all, represented on the Basalt Plains. Thus the Myrtaceae, except 
for occasional species of Eucalyptus, are wholly absent. So also 
are the Leguminosae except for Kennedya prostrata, which is 
fairly common. Butaxia microphylla is very occasionally found 
as is Acacia mclanoxylon in the plains further west. The Pro- 
teaceae are wholly absent about Melbourne but further away 
Banksia marginata occasionally occurs. The Epacridaceae are 
entirely absent. Characteristic Australian families which are 
riot contained in the ten largest families of the Commonwealth, 
and which are absent from the Basalt Plains, are Dilleniaceae and 
I remandaceae. Other characteristically Australian families, 
although not exclusively so, are feebly represented, such as 
Goodeniaceae, which is represented by two genera, each with a 
smgle species, and Stackhousiaceae. also by a single species. 

The uniqueness of this flora lies in the absence or sparseness 
oi characteristic Australian genera and families, Sutton (1916), 
rather than in the possession of any special features of its own. 
The rarity or absence of so many dominant Australian genera is 
not due to any incompatibility between the environment of this 
association and those families and genera themselves, but to the 
fact that such plants are. for the most part, either shrubs or trees. 
A here this incompatibility lies it is not possible at present to 
say. The comparatively low rainfall, or its almost even distribu¬ 
tion throughout the year, cannot be considered to be inhibitory 
to woody p’ants, for such growth forms are abundant in a similar 
rainfall on the Tertiary Sand Plains adjoining. Further, trees 
and shrubs are the dominant feature of the Mallee. where the 
rainfall is less than half that on the Basalt Plains. Except in the 
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extreme limit, rainfall alone does not determine the type of 
vegetation. Nor can the lack of opportunity for trees to develop 
be a determining factor. On all sides, the Basalt Plains abut on 
older geological formations which are abundantly tree clad. 
Where islands of other geological formations occur in the basalt, 
these are tree clad, but the basalt is not. Even where the older 
adjoining tree clad geological formations are much higher in 
elevation, tree growth does not necessarily occur, although as 
Sutton (1916) has noted, there may be an encroachment of trees 
along the margin. 

In the open plains, wind may very rightly be considered an 
adverse factor, owing to the very high evaporation demands, but, 
even in sheltered areas, trees do not occur on the basalt. 

The past history of the area has likewise nothing to do with 
present day treelessness. It is often suggested that wide, exten¬ 
sive grass lands in the Northern Hemisphere are due to the 
activity of man. Fire is said to have been his agent in prevent¬ 
ing or destroying forest growth, so that there could be ample 
grass lands for herds or for the chase. In this country there 
has been neither extensive population, nor large herds of grazing 
animals. It is one of the great assets of this country that, at the 
time of white settlement, its native vegetation was wholly related 
to the physical environment, and was undisturbed by man or 
animals. "That there appears to be no absolute inhibiting factor 
is shown by the fact that trees can be established artificially by 
opening up the ground and temporarily destroying the native 
vegetation. The inhibition of trees and shrubs appears to lie in 
the inability of their seedlings to establish themselves in com¬ 
petition with the Basalt Plains vegetation. It is in the seedling 
condition that they are eliminated. The same phenomenon 
appears to be operating in regard to the invasion by introduced 
plants. So long as the natural vegetative covering, open though 
it be, is maintained, entrance to new-comers is denied. Over- 
grazing, cultivation, or, it may be, extreme drought, gives the 
opportunity for new-comers to establish themselves. Although 
trees can be established artificially, and can live for a long time, 
once they die the plains vegetation will again occupy the aiea. 
In a state of nature, vegetation is in harmony with the physical, 
and generally also, with the biological, environment. Under the 
existing conditions, vegetation has effectively occupied land 
surfaces, and the entrance of new-comers is most difficult. So 
long as the land be effectively occupied, there is no opportunity 
for the entrance of new-comers. 

Below is given a list of plants found on the Basalt Plains. 
The flowering of each species has been carefully followed each 
month of the year. The records were first taken in Coburg, 
where the soil Is black, and subsequently, the main area studied 
lias been from Keilor to Melton, but particularly from Albion to 
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Sydenham. Following is a list of plants commonly found on the 
Basalt Plains. A census of plants found in all associations 
associated with the Basalt Plains is given by Sutton (1916). In 
this paper only the Steppe is considered. 


Table I. —Composition of Basalt Plains Association. 

V.C. — Very Common, C= Common, F. = Frequent. R. = Rare, V.R. = Very Rare. 


Pteridophyta. 

Polypodiaceae. Cheilantl.cs :. X 


Spermaphyta. 


Monocotyledonae. 

Angiospermae. 


Gramineae. 


Liliaceae. 


Orchidaceae. 


Themeda triandrn. V.C. 
Stipa aristiglumis. F. 

S. setacea. F. 

■S', scabra. F. 

Calamagrostis filiformis. C. 
Dichelachne crinita. C. 
Dcinthonia gemculata. F. 

D. semiannularis. V.C. 
Chloris truncata. F. 

Poa caespitosa. F. 
Agropyrum scabrmn. F. 
Anguillaria dioica. R. 
Bulbine bulbosa. R. 
Thysanotus tuberosus. F. 

T. Paiersonii. F. 

Caesia vittata. R. 
Dichopogon strictus, F. 
Arthropodium minus. F. 
Dianella lasz'is. F. 

D. revnluta. F 

Prasophyllum f us cum. V.R. 
Diuris alba. R. 

D. pedunculata. R. 

Microtis porrifolia. V.R. 


Dicotyledonae. 


POLYGONACEAE. 

Chenopodiaceae. 

Amarantacf.ae. 

Caryophyllaceae 

Drosekaceae 

Crassulacf.ae. 

Leguminosae. 

Geraniaceae. 

Oxalidaceae. 

Linact.ae. 

PoLYGAIACEAE. 


Archichlamydeae. 

Rumex dumosus. F. 

Atriplex semibaccatum. R. 
Trichinium spathulatum. F. 
Spergularia rubra. R. 
Polycarpon tetraphyllum. R. 
Drosera Whittakeri. R. 
Crassula Sieberiana. C. 
Kcnnedya prostrata. F. 
Geranium pilogum. F. 
Erodium cygnorum. F. 
Oxalis corniculatus. F. 

Linum marginalc. F. 
Bredemeyera ericinum. R. 
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Stack nousi aceae. Stackhousia monogyna. R. 

Guttiferae. Hypericum japonicum. 

Thymeleaceae. Pimelea curviflora. F. 

P. humilis. C. 

P. scrpyllifolia. F. 

Umbelliferae. Daucus glochidiatus. F. 

Eryngium rostratum. C. 


Gentianaceae. 

Convolvulaceae. 

Boraginaceae. 

Labiatae. 

ScROP H ULARI ACEAE. 

Plantaginaceae. 

Rubiaceae. 

Campanulaceae. 

Goodeniaceae. 

Compositae. 


M ET AC H L A M YD F. A F.. 

Sebaea ovata. C. 

Erythraea spicata. C. 
Convolvulus erubesccns. G 
Myosotis australis. R. 

Ajuga australis. R. 

Veronica gracilis. V.R. 

Plantago varia. V.C. 

Asperula scoparia. V.C. 
Wahlenbergia gracilis. V.C. 
Vellcya paradoxa. C. 

Goodenia pinnatifida. C. 
Vittadinia triloba. C. 

Minuria leptophylla. C. 
Brachycome decipiens. C. 

B. calocarpa. V.C. 

B. e.vilis. R. 

Myriocephalus rhisocephalus. R. 
Calocephalus citreus. V.C. 
Craspedia chrysantha. C. 

C. uniflora. C. 

Rutidosis leptorhynchoides. C. 
Podolepis acuminata. C. 
Leptorhynchus squamatus. V.C. 
Hclichrysum apiculatum. V.C. 
Helipterum australe. F. 
Erechthites quadridentata. F. 
Cymbonotus Lawsoniannus. F. 
Microseris scapigera. R. 


An important point is the high percentage of rnetaclilamydeous 
and monocotyledonous plants present as compared with the gene¬ 
rally more numerous species of Archichlamydeae. This is 
nrobably to be explained by the fact that Archichlamydeae repre¬ 
sent the older groups of plants, whose members have become 
established on older geological formations. The Basalt 1 lains are 
young geologically, and constitute a type of environment, flat, 
windswept, and with low rainfall, which was not known in older 
geological times. It could be peopled therefore by families which 
were plastic enough to produce forms capable of meeting the new 
conditions. The habitat was not suited for the development of 
the erect woody plants, and the herbaceous perennial became 
dominant. 


Characteristics. 

The species which constitute an association have charac¬ 
teristics, which collectively give to it its particular physiognomy. 
In the Cheltenham Flora (1932) it was noted that the ericoid 
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type of shrub was a notable character. In the Basalt Plains, the 
herbaceous perennial is an outstanding feature,. The life forms 
alone, however, are not responsible for the physiognomy. In 
each type of association the spacial relations of the individuals 
and of the species to one another are also important. As will 
be seen from Fig. 3 this distribution is very varied. 

On the Basalt Plains, owing to the fact that the vegetation is 
herbaceous, there is a high number of species per unit of area. 
In big- I., is shown a graph of the average number of species 
per unit of area, which, in this case, was a square yard. The 
general form of the graph, with a sharp rise at the commence¬ 
ment of the curve, is typical of such species—area curves. It 
vvill be noted that at the end of the curve the species increment 
per square is only .2. The further increase in the number of 
species with additional area will be exceedingly slow. 



Although the average number of species is only 16.3 for twelve 
square yards, the actual number of species occurring in the plots 
was 45. 1 his number represents 60 per cent, of the total number 

of species given in Table I. Such an apparently low value is 
quite natural, however, and is due to a number of causes. In a 
climate where the period of growth is extended over several 
months, there is a succession of vegetative and floral activity, 
and therefore, whenever an investigation be made, some of the 
plants will be absent. Thus Pimclea serpyllifolia flowers in July, 
while Erythraea spicata not until December. This latter plant is 
just commencing its vegetative activity at about the period when 
the majority reach maximum floral activity. Secondly, a large 
number of plants, which are definitely characteristic of this asso¬ 
ciation. are only very sparsely present. Goodenia pinnatifida 
might be regarded as such, although it occurred in only 16 per 
cent, of the plots. Thirdly, there are those which are only spas¬ 
modically present, and whose presence does not affect the general 
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physiognomy or aspect of the association. This feature is best 
shown by means of a frequency diagram (Fig. 2). 

In the Basalt Plains the greatest number of species falls in the 
lowest frequency class. This is quite frequently the case but not 
always so. In Fig. 2, there is only one maximum, but in many 
associations there may be another in the highest frequency class. 



Fig. 2.—Frequency Diagram of Basalt Plains Association 


The frequency diagram, however, is not an altogether satisfactory 
measure of distribution of species, for it will vary with the size 
of the unit area used in the investigation. The larger the unit 
area, the less will be the number of species in the lowest frequency 
class. In such a diagram as Fig. 2. only the number of species 
is considered, and therefore it conveys no information in regard 
to the number of individuals present. This is not easy to 
present either diagrammatically or quantitatively, for there are 
constant variations in the local composition. The sociability of 
the species themselves affects this phenomenon. Some of the 
species as Tliemeda triandra, Danthonia scmianmtlaris and Heli- 
chrysum apiciilatmn, grow in clumps, particularly the latter, while 
others, as Goodenia pinnatifida, grow as isolated plants. Plantago 
varia very often forms little colonies. The nature of the 
distribution as well as the sociability of the various species, is 
shown in Fig. 3. The amount of bare ground between tbe plants 
is also seen. 
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Another characteristic of an association is the low number of 
species per genus. It is comparatively rare to find a genus with 
a large number of species in an association. 



Fig. 3.—Distribution of Vegetation in a Single Quadrat. 


A. Asperula scoparia. 

Ai. Aira caryophyllea. 

B. Brachycomc calocarpa. 

C. Caloccphalus citreux. 

Co. Convolvulus erubescens. 
Cr. Crassula Sieberiana. 

D. Danthnnia scmiannularis. 
Dg. D. gcniculata. 

Di. Dichelachnc crinita. 

E. Eryngiuw rostratum. 

G. Goodenia pinnatifida. 

L. Leptorhynchus squamatus. 
P. Plantaga varia. 

Pc. Poa cacspitosa. 

Po. Podolepis acuminata. 

T. Themeda triandra. 

W. Wahlenbergia gracilis. 
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As will be seen from Table I., three is the largest number of 
species belonging to a genus in the Basalt Plains Association. A 
family, however, may frequently be represented by a large num¬ 
ber of genera. In this association, there are several such 
examples; Gramineae is represented by eight genera, Liliaceae by 
seven, and Compositae by fourteen. In Table II. is given a list 
of associations with the average number of species per genus. 


Table II.— Number of Species per Genus for Several 
Associations. 


Association. 

Country. 

Author. 

Number of— 

NT umber 
of Species 
per 

Genus. 

Genera. 

Species. 

Cheltenham Flora 

Australia.. 

Patton 

50 

56 

i-i 

Fern Gully 

• • 


43 

57 

1-3 

Sand ] tunes 



21 

21 

10 

Basalt Plains . . 

• • 


61 

72 

1-2 

Mulga Scrub 

9t * • 

Collins 

44 

93 

21 

Fjaeldmark 

Spitzbergen 

Michelmore 

26 

49 

1-9 

Heath. 

Norway . . 

Leach and Polunin 

26 

33 

1-3 

Poplar 

Canada . . 

Moss .. 

117 

180 

1-5 

Hemlock Beeeh 

U.S.A. . . 

Lutz . . 

78 

101 

1-3 

Heath 

England .. 

Moore .. 

25 

26 

1-0 


Habitat. 

(a) Climate — Rainfall .—The climatic factors are the same 
generally as those existing in the heath lands (Cheltenham Flora 
1932) immediately to the south of Melbourne. These two plant 
communities, Heath and Steppe, are therefore in close proximity 
to one another, and, being at almost the same elevation, a few feet 
above sea level, and both occurring on plains, they must naturally 
be subject to the same general climatic influences. To the south 
of the Basalt Plains, as they stretch westward, there lie other 
occurrences of the heath flora. This latter occurs extensively,, 
for instance, along the coast from Port Campbell to Peterborough. 
The heath. in this latter case does not abut directly on to the 
Basalt Plains, for a belt of messmate forest intervenes. It is 
probable that wind has a greater effect on the Basalt Plain than 
on the heath land, owing to the absence of any tree or shrub- 
vegetation, but, against this is the fact that the vegetation is sc 
close to the surface that the effect of the wind is greatly lessened, 
owing to the loss of velocity due to the surface of the earth. In 
any case, differences of climate cannot be great, for these two 
associations, Heath and Steppe, come into close contiguity at a 
number of places. Brockmann-Jerosch and Riibel (1912), in their 
“ Weal Continent,” considered that heath is a consequence of 
oceanic climate, it being never far from the sea. This is the 
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case both here and in the Northern Hemisphere. Steppe, how¬ 
ever. they consider to be a result of continental climate. Here, 
however, Steppe also occitrs under the influence of an oceanic 
climate. Climate itself is a composite factor, and its effect is 
greatly modified by the equally important composite factor—soil. 
It is the influence of soil and soil alone that is responsible for the 
two totally different types of vegetation being produced in such 
close proximity, and the soils of each association owe their 
differences entirely to the parent rock from which they have been 
produced. 

Climate is made up of a number of individual units, and each 
of these contributes its quota to the development of vegetation. 
The effect of climate is best seen in a latitudinal direction. 
Locally, however, there may be uniformity of climatic conditions, 
and yet totally different types of vegetation occur adjacent to one 
another, which is strikingly shown in such a small State as 
Victoria. 

Climate has an influence only in a very general way, but 
geological factors are almost solely responsible for the very great 
diversity in vegetation that exists locally. Local climate itself is 
frequently the outcome of the modification of regional climate 
due to geological conditions. 

On the area studied the rainfall varies from slightly under 20 
inches to over 25 inches. This rainfall is almost evenly distri¬ 
buted throughout the year as shown in Fig. 4. The lowest 
amount received per month is 1.75 inches in February and the 
highest 2.62 inches in October. Throughout the winter period 
this usually meets the needs of the plants, but is insufficient for 
the summer period. Both soil and contour are, however, factors 
in regard to the ultimate availability of the rainfall for plant use. 
On the Tertiary Plains the water, owing to the sandy nature of 
the soil, readily enters and passes downwards, but on the Basalt 
Plains, rainfall docs not readily enter, on account of the high clay 
content, and therefore a far greater proportion is lost in evapora¬ 
tion. Owing also to the high water holding capacity of the soil, 
the amount of rain that falls does not penetrate very deeply. For 
this reason it is difficult for the lower depths to receive adequate 
supplies of water. However, rain does enter deeply in the 
autumn period, owing to the fact that the soil is then well opened 
up, with numerous cracks and water gains ready entrance. 
Observation and experiments show that such soil will contract in 
drying approximately 13 per cent, of its area. If sufficient rain 
falls, the cracks fill up again. 

As the climate is the same for both the Basalt Plains and the 
Tertiary Plains it is not surprising that the graphs of their 
flowering periods should be similar. The maximum flowering 
(Fig. 4) occurs in October, which is also the case in the heath 
association (Patton, 1932). 
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Basalt Plains Association. 

On the basalt, just as on the Tertiarv Plains, there are species 
which flower in the unfavourable periods of the year. Thus 
Pimelea serpyllifolia flowers in the coldest period when there is 
but little floral activity but abundant vegetative activity, while 
Calocephalus citreus and Erythraca spicata have their maximum 
periods in January, when both vegetative and floral activity of the 
majority of the plants, particularly grasses, either has become or 
is becoming dormant. During January temperatures of over 
100 deg. F. may be experienced, and the high temperatures com¬ 
bined with low humidity, strong, dry winds, and low rainfall, 
makes conditions for plant life very hard indeed. The water 
relations of such plants as flower in summer present a very 
interesting problem. 



Fig. 4. —Monthly Rainfall, Evaporation, and Number of Plants Flowering. 


In Fig. 4 is also shown the amount of evaporation from a free 
water surface for the metropolitan area. The data for both 
■evaporation and rainfall are taken from the Central Weather 
Bureau Station, which lies between the two associations, Heath 
and Steppe. It is again significant that the maximum flowering 
period lies just about the period where evaporation from a free 
water surface commences greatly to exceed the rainfall. The 
effect of the rain during the summer months is lost on account 
of the high evaporating power of the air. It is possible that the 
amount lost by evaporation on the plains is slightly higher, due to 
bareness in part of the soil but the difference would not be great. 

Temp erature. —Melbourne experiences an oceanic climate. 
The average temperature for the coldest month is 48.7 deg. F., 
which is well above freezing point (Fig. 5). Frosts are frequent 
in the months, May to August, but they are not very severe. The 
14867.—7 
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temperatures in the metropolitan area and its environs are suffi¬ 
ciently low to make impossible the cultivation out of doors of 
Dahlias, Zinnias, Tomatoes, and French Beans, but it is 
sufficiently high to enable such plants as White Turnips, 
Cabbages, Garden Peas, Broad Beans, Iceland Poppies, Violas, 
and Sweet Peas, to grow quite actively. For many plants there 
is no cessation of plant activity during the winter. White 
d urnips sown in April are ready for digging in September. The 
whole of the stored food material therefore has been produced 
during the coldest period of the year. In Fig. 5 are given, in 
addition to the graph of monthly temperatures, also the time 
intervals between sowing and flowering of garden peas, variety 
Greenfeast, grown in the metropolitan area for various periods 
of the year. It will be seen that the seeds sown in autumn take 
the longest time to reach the flowering stage. This is due to the 
fact that they are growing while temperatures are falling. They 
flower, however, in July, the coldest month of the year. From 
left to right of the graph there is a progressive shortening of the 
growth period. Winter temperatures are, therefore, high enough 



to permit of a considerable amount of vegetative activity for 
certain species. The climate of Steppe therefore cannot be con¬ 
sidered necessarily to be one of extremes as stated by writers of 
the Northern Hemisphere. Although there is a similarity 
between the vegetative activity of some garden plants and the 
native vegetation, there is a striking contrast between the 
behaviour of introduced Northern Hemisphere plants such as the 
common fruits—Pear, Plum, &c.—and the native vegetation. As 
the temperatures fall in the autumn, so the leaves of cool tem¬ 
perate plants of the Northern Hemisphere begin to fall until by 
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mid-winter the trees are bare. However, about the time the 
leaves begin to fall the temperatures in this climate have suffi¬ 
ciently decreased so that evaporation is much lessened and the 
rain is retained in the soil and is available for plant growth. At 
this period of the year, that is autumn, the native vegetation 
awakes from its summer rest. There is, therefore, the para¬ 
doxical state of affairs that plants from a cooler climate pass into 
a winter rest, while the plants of the warmer climate commence 
their vegetative activity. There are other anomalies in regard to 
introduced deciduous plants. Peaches go into winter rest before 
Apples and Pears, which might suggest that they require a 
warmer climate. However, they rejuvenate earlier. By the 
end of July, which is the coldest month, peach buds are well 
advanced towards bursting. Winter temperatures therefore are 
not low enough to prevent vegetative activity, nor are they too 
low for the floral activity of many introduced plants such as 
Jonquils (Narcissus Jonquilla), Iceland Poppy f Papaver nudi- 
caule), and Hyacinths ( Hyacinthus orientalis). For the native 
vegetation, however, it is generally a period of vegetative activity 
only, and not of floral activity. This is also the case with other 
native associations. 

(b) Soil. —The Basalt Plains are geologically young, being of 
Pliocene age, and have not yet been generally greatly dissected. 
They are either flat or gently undulating, except where the 
contour is broken at intervals by volcanic cones. The rock is a 
fine-grained, blue-grey basalt which is not very hard, and which 
readily weathers into a reddish-brown soil. Although this colour 
predominates, black soil also occurs, particularly in the lower 
parts. It would appear that the difference in colour is largely 
one of contour, owing to the removal of humus from the slightly 
higher parts, and its deposition in the lower. Contour can have 
a very marked effect on the development of soil from the same 
petrographic material. One may observe bracken fern, Ptcri- 
dium aquilinum. growing on the tops of hills formed of shales 
but lower down on the slopes it is completely absent. The clay 
has been sufficiently leached out from the higher parts to permit 
cf a soil friable enough for bracken to grow in. The basalt soil 
is a clay loam which has a water holding capacity of 45 per cent. 
Seeds will germinate in as low a percentage as 10, but the speed 
of germination is greatly retarded. With moisture contents 
above 16 per cent, the speed is not affected. At this latter 
moisture content the soil is still crumbly but at 19 per cent, it is 
definitely sticky. 

In the areas investigated, the soil is very shallow, and in many 
parts the bed rock outcrops on the surface. Large areas were 
formerly strewn with boulders, but these, latter now form the 
stone fences so commonly seen on the plains. This shallowness 
of the soil greatly restricts root development, and has been 
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suggested as one of the causes of treelessness. Although the soil 
is shallow, the profile is very pronounced (Fig. 6). There is a 
very striking contrast between the A and B horizons and the line 
of separation is sharp (Plate XIII., B). Horizon A may consist 
of three sub-horizons, which are best seen when the soil is very 
dry. A t consists of a few inches, 4—6, of darker, finer material, 
through which the roots readily ramify. A large amount of the 
clay has been leached out of this portion, and the darker colour 
is due to the decomposing plant remains. Owing to the lesser 
day content, it does not shrink as much as the soil from lower 
depths. A 2 can be recognized in some profiles as having, when 
thoroughly dry, a decidedly yellowish tinge. The colour 
increases in intensity with depth. In this .sub-horizon the roots 
may be freely developed but may be almost absent. The soil 
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Fig. 6.— Profile of Soil. Basalt Plains 

itself has a high clay content and in consequence is subject to a 
great amount of shrinking. This can be seen where a profile 
has been exposed during the hot weather. 

The sub-horizon A 3 is usually only a few inches in depth and 
is reddish in colour. This also has a high clay content and is at 
times permeated by roots. 

Tbe horizon B is heavily charged with calcium carbonate and 
may be in consequence (Plate XII1., B) almost white. This 
horizon very abruptly succeeds A 3 . It rests directly upon 
undecomposed rock and also passes down to a considerable depth 
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in the joints of the basalt mass. This horizon is not usually 
penetrated by roots, although it appears to be generally moist. 

Under modern soil classification, this soil is classed as red- 
brown earth, and according to theory, is produced in a climate 
where the rainfall is insufficient to leach out the iron from the 
A horizon but sufficient to leach out the calcium carbonate. The 
soil of the heathlands (Patton, 1932) shows a more pronounced 
profile with a very definite carbonaceous sub-horizon, and with¬ 
out any deposition of calcium carbonate. The great difference 
that exists between the sandy soil of the heath lands and the heavy 
clay of the Basalt Plains must be looked for solely in the original 
rocks from which the soils have been derived. Both these asso¬ 
ciations are under the same climatic conditions, are of the same 
general elevation and same contour, but the bed rock is entirely 
different. Both are geologically young, but in point of time are 
old, and, therefore, there has been abundant time for the climatic 
conditions to produce a similar soil on both areas, if climate be 
the final determiner of soil type. Weather is the primary cause 
of soil formation, but is not a determiner of type. The constitu¬ 
tion of the parent rock itself at once becomes a determiner of 
the process of weathering, and therefore of soil type. Basalt is 
a finely crystalline, igneous rock, composed of interlocking 
crystals of ferro-magnesian minerals and lime felspars. Hence, 
movement of water through such a mass, when weathering, is 
almost impossible. The weathering can proceed but slowly, from 
without inwards. In basalt there is no free silica to resist 
weathering, and hence form a skeleton of the soil through which 
water can move. The ferruginous sandstone on the other hand 
does not have its constituent parts interlocked, but is merely a 
mass of water-worn grains of silica with the interstices between 
them filled with the cementing material, clay or oxide of iron. 
Such a coarse material offers a ready channel for movement of 
water to remove both the clay and the oxide. Hence a sandy soil 
results. The parent rock is seriously lacking in plant nutrients. 

When the basalt weathers there are no coarse grains to pro- 
vide a channel for moving water. The fineness of the crystals 
themselves predetermines a fine-textured soil. It is this fineness 
of crystalline structure that determines in a great measure the 
manner of the weathering, since water cannot percolate through, 
and carry away the products of weathering. The rock breaks 
down into a heavy clay soil, generally reddish in colour. 
Physically and chemically therefore the two soils are directly the 
outcome of the. nature of the parent rock. 

Discussion. 

The low number of species per genus has been found to be the 
case with other associations already discussed in this series. 
Both the Basalt Plains and the Cheltenham Flora are very rich in 
number of species while the other two, Sand Dunes and Fern 
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Gully, are poor. The poverty of the Sand Dunes is understand, 
able since this is a pioneer colonization, but the Fern Gully has 
every condition favorable. The poverty of species in this lattei 
association is also remarkable since there is a wide range of lite 
forms. However, this association is representative of a very 
ancient type of vegetation which is on the decline in temperate 
lands. The other three are more modern and opportunity has 
been given for the inherent tendency of plants to vary. It we 
consider the floral composition of the four already studied it may 
be noted that, alongside the fact that there is a low number of 
species per genus, as given in Table II., there is also the fact that 
comparatively few genera are represented by the same species in 
more than one association. There are a few species, however, 
that have a very wide ecological range. In both the Heath and 
the Steppe floras, we find Pimelea humilis, Kennedya prostrata, 
Geranium pilosum, Oxalis corniculatus, A ng nil! aria dioica, 
Dianella revoluta, Themed a triandra, Leptorhynchus . squamatus 
and Wahlenbergia gracilis. None of these, however, is restricted 
to the two habitats mentioned but extends over a much wider 
range of ecological conditions. In alpine vegetation we find, for 
example, Pimelea humilis and Wahlenbergia gracilis. PI ants, that 
can exist in two widely differing habitats must be very plastic as 
regards their response to external conditions. Such plants con¬ 
stitute what we have chosen to designate “Ecological Wides. 
Braun Blanquet (1928) calls these “ Ubiquisten" These form 
an exception to the general rule for distribution, foi it is gene¬ 
rally found that a species has a limited ecological range, and the 
limits are shown by the sparsity of occurrence or the modification 
of the growth of the plant. Thus Acacia melanoxylon is sparsely 
found on the basalt, but it is never a large tree, hrom the asso¬ 
ciations so far considered, it can be seen then that the low. num¬ 
ber of species per genus is a distinct feature of an association. 
It arises from the fact that plant associations differ primarily 
from one another owing to the fundamental differences in their 
habitats. This difference in environment calls forth a difference 
in response from the numbers of genera concerned. In a long 
continued environment in which little or no change has been 
effected, the variation of plants is limited to structural alterations 
which do not in any way affect the response of the plant to the 
environment. Such changes produce families, genera, and to a 
less extent, species. Changes which occur in families to produce 
genera are changes which do not affect the physiology of the 
plant. Thus, if we consider Helichryswn and Heliptcrum, the 
differences lie in the plumosity of the pappus hairs. Since these 
structures are produced at the end of the life cycle of the plant, 
neither its physiology nor its response to environment can be 
affected. 

Or again let us consider Lagenophora and Brachycornc. The 
difference between these genera rest solely on the apical portion 
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of the achene. And again, the difference between Minuria and 
Vittadinia lies in the fact that in the former some of the pappus 
members are developed as bristles. Such generic differences 
manifest themselves late in the seasonal activity of the individual, 
and therefore cannot in any way assist the plant in responding to 
the particular environment. When we consider the several 
genera Epacris, Lcucopogon, and Monotoca, we find that they are 
separated on characters which can in no way affect their response 
to the environment in which they occur. If we consider any 
particular genus as Olcaria, which has species in more than one 
association, we find that the particular generic characters play 
no part in the economy of the plant and are doubtful indeed of 
any value whatsoever. Where genera are represented by dif¬ 
ferent species in adjoining associations, it may fairly be assumed 
that the same agencies are at work in regard to fertilization of 
such species. 

This subject may be pursued indefinitely. Generic characters 
represent the inherent variability of the plant which is manifested 
however, only in a limited way and under restriction. So long as 
the environment remains stationary there can be no production, 
or at least no survival, of forms whose response is not in har¬ 
mony with that environment. In a constant environment, plants 
can only express their capacity to vary in variations that are quite 
unaffected by the environment, or, it may be, whose variations 
confer no disability on them to survive. If the plant be already 
in harmony with the environment, an assumption true for the 
majority of plants, then the plant cannot vary to make itself more 
efficient. It can, however, vary without there being any dif¬ 
ference as regards response to the environment. We may regard 
generic variations as being static or passive. 

The accumulation of such variations would in time produce 
families. It is conceivable that variation in this manner could be 
infinitesimal, and that a variation once started would gather force 
and be cumulative. Since, however, such variations, be they 
small or great, are without effect on the plant response to the 
environment, there can be no survival of the fittest or struggle 
for existence between such forms. Species can and must arise 
thus, for we do find several species of a genus in an association 
but these do not differ in their physiological response. 

Another fact which emerges from the study of differing asso¬ 
ciations in a botanical province is that, generally, while the same 
species are not found widespread, the same genus, or at least the 
family is. Thus Pimelea has P. humilis and P. phylicoides on 
the Tertiary Sands, P. serpyllifolia , P. humilis. and P. curvi- 
fiora on the Basalt Plains, and P. axiflora as a marginal plant in 
the Fern Gullies. 

If now we consider a genus that is represented by species in 
more than one association, we find that there is an appreciable 
difference between such species. Leptospermum has trvo 
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shrubby, thin-stemmed, small-leaved species on the Tertiary- 
Sands, and a small tree with much larger leaves on the dunes. 
The two shrubby forms, although quite distinct, each represent a 
similar type of response to the environment, while the thick¬ 
leaved L. laevigat-um of the coast is quite another type altogether. 

Olearia of the Fern Gully is a large-leaved form, but Ole aria 
axillaris of the coast and O. ramulosa of the heath land are quite 
distinct. 
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Explanation of Plate. 

A. Section of the Basalt Plains showing the very shallow layer of soil. 

B. Section of soil, showing dark Horizon A, and light-coloured 

Horizon B. 

C. Typical plant of Basalt Plains, Brachycome calocarpa. 

D. Another typical plant, Eryngium rostratum. 
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Introduction. 

The following is a systematic account of a remarkable series 
of hydroid fossils found associated with a fairly rich assemblage 
of Trilobites of Middle Cambrian age, in the Parish of Knowsley 
East. At Monegeeta, similar hydroids occur, but Trilobites are 
absent. The Heathcote rocks are represented by fine-grained 
shaly mudstones that are dark in colour, weathering in the gullies 
to a brownish grey, and on the hill-slopes either to a ferruginous 
rock or a cherty shale. The hydroid-bearing slates of Monegeeta 
are dark grey or almost black, and are more or less jointed. 
Some years ago one of us (Chapman, 1919) described certain 
genera and species of similar hydroids from Monegeeta. These 
have since been accepted by authorities on the subject as an 
almost unique occurrence of true fossil hydroids of the order 
Calyptoblastea. The present descriptive account of this fauna 
from the two localities adds considerably to our knowledge of 
these ancient forms. 


Localities and Stratigraphical Relationship. 

The beds with hydroid remains have so far only been found 
in the central part of the State—along the north-trending Mt. 
William and Colbinabbin Ranges. These mark one of the most 
important structural lines of the State, and although the latter 
range lies a little to the east of the former, they appear to be 
connected by the north-western south-eastern trending belt of 
country between Heathcote and Tooboorac. Along these belts 
Cambrian rocks outcrop with the sequence from predominantly 
volcanic rocks, to interbedded lavas, ashes, tuffs, agglomerates 
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and shales, to purely shales. The incoming of bands of sand¬ 
stones marks the Ordovician rocks, as in the associated shales 
Lower Ordovician graptolites are found. In general the main 
development of Lower Ordovician lies to the west of the ranges, 
while, to the east, Upper Ordovician and Silurian rocks are 
predominant. 

Faulting, especially strike faulting, however, complicates 
.matters, and the detailed stratigraphy is even more complicated 
than stated above. 

(a) I Ieathcote District. —(See Fig. 1.) The fossils which 
are now being described occur in the Dinesus-Hydroid Beds, 
which outcrop in the eastern portion of the Parish of Knowsley 
Last, and have been traced northwards to the south-western 
portion of the Parish of Redcastle, where they have been intruded 
by a fine-grained granitic rock. The beds outcrop on the 
western side of Lady’s Creek, and are separated by a north-south 
fault, which has preserved the Pcntamerus Beds of the Mt. Ida 
Sandstone (Upper Silurian). The Dinesus-Hydroid Beds con¬ 
sist of interbedded shales and volcanic ash, tuffs and agglomerates. 
As these beds are folded, and the exposures are limited, the 
exact relationship of the various bands has not been worked out, 
but the associated trilobites, i.e., Dolichoinctopus, Dorypyge, 
Agnotus, Dinesus and No.tasaphus fix the horizon as low in 
the Middle Cambrian. These are overlain by a series of unfos- 
srliferous shales (Goldie Series), which to the west are faulted 
against beds of Lower Ordovician age (Castlemaine to Bendi- 
gonian). 

(b) Romsey District.— (See Fig. 2.) Along the Mt. 
W illiam Range, east of Romsey and Lancefield, conditions are 
slightly simpler. The lowest Cambrian rocks consist pre¬ 
dominantly of lavas with some interbedded cherts with 
Frotospongia, followed by thin ashes and shales of the unfos- 
siliferous Goldie Series, which in turn is followed conformably 
by the Lower Ordovician rocks, To the east of the Range are 
faulted strips of Upper Ordovician and Silurian rocks. In the 
northern portion of the area, no Cambrian fossils apart from 
Frotospongia and Acrotreta have been found, but immediately 
south of an oblique fault, which lies east of Romsey, a belt of 
black mudstones has yielded Acrotreta antipodum Chapman, and 
a rich assemblage of hydroids. North of the fault Lower 
Ordovician (Lancefieldian) graptolites are found. 

The black mudstones show well marked rhomboidal jointing, 
and are associated with the upper limit of the Cambrian volcanic 
rocks. As the belt is traced northwards towards the fault, 
which caused a 'sudden bending of the strike of beds to N.50°- 
6U°L., they become less fossihferous, and north of the fault, 
although lithologically similar beds occur, no trace of the fossils 
has been found. 
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Plan of Knowsley East Area, N. of 
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SKETCH PLAN OE MONEGEETTA AREA 



Fig. 2. (N.B.— Legend: The signs for Silurian and Upper Ordovician 

have been reversed.) 
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Historical. 

The hydroid remains at Monegeeta were first discovered by 
Professor E. W. Skeats on a University Geological excursion. 
This collection was described and figured by F. Chapman in 
1919 (May), and an excerpt by Chapman and Skeats appeared 
in the December number of the Geological Magazine of that year. 
Some of these specimens from Monegeeta were submitted by 
Professor E. W. Skeats, when in England in 1909, to Dr. Ethel 
M. -R. Wood (Dame Shakespear), of Newnham College, Cam¬ 
bridge, and they were also seen by Dr. Chas. Lapworth. Later, 
in a letter to Professor Skeats, Dr. Wood suggested a relationship 
of the fossils to the genus Mastigograptus Ruedemann. 

Hydroid fossils at Knowsley East were first discovered by W. 
H. Ferguson, of the Victorian Geological Survey, and were 
examined by T. S. Hall (1900, p. 26), who found “hydrothecae 
-of the Bryograptus type." Later, T. S. Hall (1904, p. 218) 
stated that “ One of the forms somewhat distantly resembles 
Ptil-ograptus , but I am inclined to doubt the graptolite nature of 
all of them, and to consider them as algae." These specimens 
were also examined by Professor J. E. Marr, of Cambridge, who 
determined them as probable algae (Ibid. p. 218. footnote by 
Professor J. W. Gregory), During the resurvey of these areas, 
more hydroid remains were found, and the so-called graptolites 
of the Heathcote district proved to be of similar hydroid affinity 
to those from Monegeeta. The stratigraphy of the areas being 
now better understood, together with the evidence of trilobite 
remains, it is shown beyond doubt that these fossils are of Middle 
Cambrian age. 

Mode of Preservation. 

In the Black Shale of Monegeeta. —The fossils in this matrix 
stand out very clearly as replacements in ? guembelite of the 
original chitinous zoaria. In some cases, even the must delicate 
parallel growth-lines of the periderm are apparent on the surface 
of the shale. The original structure is often so delicate and 
filmy that, as in certain specimens of Cactograptus, it is only 
decipherable in certain lights, and especially by photography. 

In the Grey and Reddish Mudstones of Knozesley East. —In 
this matrix, the zoaria are replaced by ? guembelite, fairly well 
preserved, and also by a yellowish fibrous mineral resembling 
chrysotile, which obliterates the original characters, except as 
to form. A thin section of this fossiliferous mudstone shows, 
under high magnification, numerous minute globular bodies sug¬ 
gesting radiolaria or foraminifera. 

Systematic Descriptions. 

Phylum COELENTERATA. 

Class HYDROZOA ( Hydroida). 

Order CALYPTOBLASTEA Allman. 

Earn. CAM PAN U LARI 1 DAE Allman. 

Gen. Archaeocrypt olaria Chapman 
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Generic Characters (Chapman. 1919, p. 392).—“ Hydrocaulus 
slender, more or less erect or slightly flexuous, length up to about 
30 mm. Hydrothecae cylindrical or long-conical, narrowing 
very slightly towards the base; adnate and attached for sonic- 
distance along the axis; aperture circular and lip slightly everted. 
Periderm coarsely wrinkled or scaly. Gonothecae elongately 
pyriform and incurved to the axis.” 

The above generic type resembles, in habit and disposition of 
the thecal cups, the living genus Cryptolaria, even to the transverse 
structural rings. (Occasional longitudinal prominences have been 
noticed on the Cambrian fossils, which may be comparable to 
the striae and aculeation seen on the living forms. 

J he recent genus Cryptolaria Busk is found living principally 
in the Pacific and Southern Oceans. 

Archaeocryptolaria recta Chapman. 

(PI. XIV., fig. 1.) 

Archaeocryptolaria recta Chapman, 1919, p. 392, pi. xix., figs. 4, 4a, 
pi. xx., Fig. 8. Chapman and Skeats 1919, p. 550, pi. xv, 
fig. 3. 

Dimensions of Holotype :—“ Length of axis 32 mm. Approxi¬ 
mate width of axis 0.9 mm. Length of hydrothecae 4 mm... 
length of gonothecae 1.75 mm.” 

Observations.— Archaeocryptolaria recta closely resembles the 
living Cryptolaria abyssicola in form and size, but is not so 
flexuous. The variety described below as var. flexilis, however, 
has that character. Both A. recta and the var. flexilis are of 
approximately the same dimensions. It is a remarkable fact 
that the recent species is still found living in the Great Bight, 
south of South Australia, and west of Tasmania in 2,600 fathoms. 

Occu rrence.—No. 3545/, locality 3KE, gully 9 chains from 
junction with main gully, near south-eastern corner of allotment 
3j, Parish of Knowsley East. Holotype from North Monegeeta, 
in National Museum. Reg. No. 1311, 

Archaeocryptolaria recta Chapman var. flexilis var. nov. 

(PI. XIV., fig 2.) 

Description of Variety.—Axis flexuous, branching once ; thecae 
not so numerous as in the type species. Pyriform gonothecae 
present, shorter than the hydrothecae. Length of hydrocaulus 
14 mm.; length of hydrothecae 3.4 nun.; length of gonothecae 
2.1 mm. 

Observations.—Associates on the same slab are:— Sphenoecium 
discoidalis gen. et. sp. nov., and Archaeolafoea monegettae 
(Chapm.). 

Occurrence,—No. 35262 (holotype of var.) from the type 
locality, 2 miles east north-east of North Monegeeta. Nos. 38051 
38052, Loc. 1 Redcastle, near south-eastern corner of parish. 
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Archaeocryptolaria skeatst Chapman. 

(PI. XIV., fig. 3.) 

Archaeocryptolaria skeatsi Chapman 1919, p. 392, pi. xix., fig. 3, pi. xx., 
fig. 7. Chapman and Skeats, 1919, p. 550, pi. xv., fig. 1. 

Observations.—The habit of this species, in being comparatively 
short-stemmed, irregularly flexuous and with horizontal or back- 
wardly curved hydvothecae, easily distinguishes it from the 
associated forms in both localities. Good specimens are rather 
rare and the species often occurs only in small fragments. The 
reference numbers in the Geological Survey collection here given 
are those which show clearly determinable characters. 

The average length of the hvdrosome an the present series is 
about 9 mm. 

Occurrence.—Nos. 35249, 35250 (plesiotype), and 35257, from 
the type locality. 2 miles east north-east of North Monegeeta. 
No. 35276, allotment 3 l, Parish of Knowsley East. No. 38054, 
Loc. 1, Redcastle. Holotype from North Monegeeta, in National 
Museum. Reg. No. 13114. 

Archaeocryptolaria flabelloides sp. nov. 

(PI. XIV., fig. 4.) 

Description of Holotype—Stem stout, erect and branching off 
on both sides; the branches bear long and slender hydrothecae. 
The form and habit closely recall Cryptolaria flabellum (Allman 
1888, p. 40. pi. xix., figs. 1, 1a). 

Dimensions of Holotype.—Length of hydrosome as preserved, 
11 mm. The hydrothecae have a length from 2.5 to 3 mm. 

Occurrence.—No. 35264 (holotype), from type locality, 2 
miles east north-east of North Monegeeta. 


Gen. Archaeolafoea Chapman 1919. 

Archaeolafoea longicornis Chapman. 

(PI. XIV., fig. 5.) 

Archaeolafoea longicornis Chapman, 1919, p. 390, pi. xix., figs. 1, 1 a, 
pi. xx., fig. 5. Chapman and Skeats 1919, p. 550, pi. xv., fig. 2. 

Observations.—The above species appears to be the most 
abundant of the hydroids of this Middle Cambrian series, the 
next in order being Archaeolafoea monegettae. 

In many cases the surface of the hydrosome is remarkably well 
preserved. The hydrosome has suffered no comminution in the 
covering process during sedimentation, though the distal portion 
of the hydrothecae may have been somewhat expanded by com¬ 
pression. 
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Some of the more complete examples of the hydrosome measure 
as much as 28 mm. in length and generally show one or two 
branches on each side. 

Occurrence.—Nos. 178. 208, Parish of Knowsley East (Report 
on Graptolites by T. S. Hall, 27.7.02). Nos. 35276, 35278, allot¬ 
ment 3 l: Nos. 35294-5, 35296 (plesiotype), cf. 35298-302, cf. 
35304, 36031, Loc. 2 K.E., gully just north of road forming south 
boundary, allotment 3t : Nos. 35463, 35464, 35466, 35467, ? 35468, 
? 35474, ?35475, 35477, 35481, 35483, Loc. 4 K.E., 1 chain 
upstream from Loc. 3, allotment 3j; Nos. 35489, 35494, 35498, 
Loc. 5 ICE., near dam 16 chains from junction of gullies, allot¬ 
ment 3j; all in Parish of Knowsley East. Nos. 35230, 35231, 
35234, 35235, 35238, 35247, 35251, 35258, 35259, 35265, 35268-70, 
3o274, from Archaeocryptolaria beds, type locality, 2 miles east 
north-east of North Monegeeta. Nos. 35051. 38052. cf. 38055, 
38056, 38057, 38064, 38065, 38072, 38074, Loc. 1, Redcastle. 
Holotvpe from North Monegeeta in National Museum. Reg. 
No. 13112. 


Archaeolafoea monegettae Chapman. 

(PI. XIV., figs. 6-8.) 

Mastigograptus monegettae Chapman 1919, p. 391, pi. xix., figs. 2, 2a: 
pi. xx., fig. 6. 

Observations.—After examining an extensive series of the 
above species the present authors have agreed that the species 
originally named Mastigograptus monegettae should be referred 
to the genus Archaeolafoea. Mastigograptus , whilst branching 
and shrubby in the more complete forms, like Dcndrograptns, 
bears capilliform branches, with short denticles; also thecal 
apertures or pits presumably for the insertion of the thecal cups, 
as in the genotype of Mastigograptus —viz., M. tenuiramosus. 
On the other hand, Archaeolafoea, whilst having an arborescent 
habit, possesses long hydrothecae, which are more or less closely 
arranged around the stipe. 

Occurrence.—Nos. 177, 188, Parish of Knowsley East (Report 
by T. S. Hall, 27.7.02) ; ? No. 35297 (associated with trilobites), 
Loc. 2 K.E., gully north of road forming south boundary, allot¬ 
ment 3j; No. 35276, allotment 3 l; Nos. 35480, 35485, Loc. 
4 K.E., 1 chain upstream from Loc. 3, allotment 3j ; Nos. 35490, 
35497, 35500, 35501, Loc. 5 K.E., 16 chains from junction of 
gullies, allotment 3j ; Nos. 35971, Loc. 8 K.E., 5 chains north of 
gully between allotment 5 and 3j; all in Parish of Knowsley 
Last. Nos. 35232, 35233 (plesiotype), 35246, 35250 (plesio¬ 
type), 35251, 35255, 35256, 35261 (plesiotype), 35262, 35270, 
from Archaeocryptolaria beds, type locality, 2 miles east north¬ 
east of North Monegeeta. Nos. 38051, 38052, 38064, 38065. 
Loc. 1. Redcastle. 
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Archaeolafoea serialis sp. nov. 

(PI. XIV., figs. 9-11 ; pi. XV., figs. 12, 12a, 126.) 

Description of Holotype.-—Hydrosome consisting of a straight 
rigid axis, without branches, The hydrothecae are long, 
elongately conical, with the majority set almost at right angles 
to the stem; nine on each side to the space of 10 mm. 

Dimensions of Holotype.—Length of hydrosome 20.5 mm.; 
length of longest hydro theca 3 mm. 

Observations.—At first sight these fossils suggest Protovir- 
gularia (McCoy 1853, p. 10, pi. 1 b, figs. 11, 11a," 12, 12a); the 
hydrothecae, however, are not compound as in that genus, but 
inserted on the axis singly as in the living genus Lafoea. 

Occurrence.—Nos. 177 (holotype) and 178 (paratype), Parish 
of Knowsley East (Report by T. S. Hall, 23.7.02). Nos. 35239 
(paratype), 359/8, and a specimen lent by the Geological Depart¬ 
ment of the Melbourne University, Reg. No. 1591 (paratype), 
all from Archacocryptolaria beds, type locality, 2 miles east north¬ 
east of North Monegeeta. 


Archaeolafoea fruticosa sp. nov. 

(PI. XV., figs. 13-16.) 

Description of Holotype.—Hydrocaulus seldom branching, with 
very long cylindrical to conical hydrothecae sessile on main stipe 
or branches without narrowing at base. Hydrothecae five on 
one side, seven on other; including a shorter, more conical cup 
near summit, probably a gonotheca. Thecal margins not 
expanded, Original periderm finely pustulate and reticulate. 

Description of Paratype.—Hydrocaulus bushy—simply branch¬ 
ing near middle and summit; the hydrothecae clustered around a 
long irregularly thickened stipe which is somewhat flexuous. 

Dimensions of Holotype.-—Length of hydrocaulus 13.5 mm.; 
length of longest thecae 6.5 mm.; rvidth of stipe at base 0.7 mm. 

Dimensions of Paratype.—Length of hydrocaulus 21.5 mm. ; 
length of longest thecae 6 mm. 

Observations.—This species is distinguished from A. longi- 
cornis by the longer and straighter thecae, and their disposition 
at a more acute angle along the stipe. From A. monegettae, it 
differs in the more regular character and even length of the 
thecae. In No. 35970 remains of thecae are seen near the base 
of the hydrocaulus, one of which is elongately pyriform. 

Occurrence.—No. 35253 (holotype) from Archaeocryptolaria 
beds, type locality, 2 miles east north-east of North Monegeeta. 
Nos. 35970 (paratype), 35978 (paratype), 35982 (paratype), Loc. 
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8 K.E., 5 chains north of gully between allotments 5 and 3j, 
-Parish of Knowsley East, cf. No 191, Parish of Knowsley 
East. (Report by T. S. Hall, 27.7.02). 

Gen. Mastigograptus Ruedemann 1908. 

Mastigograptus cf. gracillimus (Lesquereux). 

(PI. XV., fig. 17.) 

Psilophyton gracillimus Lesq. 1878, vol. xvii., p. 164, pi. iv., fig, 2. 

Dendrograptus ( Psilophyton ) gracillimus (Lesq.) Walcott, 1879, p. 21. 

Dendrograptus gracillimus (Lesq.), James, 1885, p. 160, pi. ix., fig. 5. 

Mastigograptus gracillimus (Lesq.) Ruedemann, 1908, p. 219, pi. x , 
fig. 2. 

Observations.—We have tentatively referred several specimens 
in this series (including the plesiotype No. 7946) to M. gracilli¬ 
mus, which generally agrees with Lesquereux’s type figure, a 
form with a definite stipe, and few branches given off at an 
acute angle; other of our specimens have a more rigid stipe and 
shorter branches. 

1 he species is recorded in North America from the Eden and 
Utica Shales (Llandeilo to Bala). 

Occurrence.—No. 7946 (plesiotype), allotment 3j, 3 chains 
irom north-west corner of allotment at bearing of ( ?) 180° ; 
Nos. 35459, 35461, Loc. 4 K.E., 1 chain upstream from Loc. 3, 
allotment 3j ; Nos. 35492, 35494, 35496, 35498, Loc. 5 K.E., 
near dam, 16 chains from junction of gullies, allotment 3j; Nos. 
55968, 35969, Loc. 8 K.E., about 5 chains north of gully between 
allotment 5 and 3j; all in Parish of Knowsley East. 


Mastigograptus tenuiramosus (Walcott). 

(PI. XV., fig. 18.) 

Dendrograptus tenuiramosus Walcott, 1879, p. 21. 

Mastigograptus tenuiramosus (Walcott), Ruedemann, 1908, p. 216, 
pi. ix., figs. 2, 3 ; pi. x., fig. 1; pi. xi., figs. 1-4; pi xii., figs. 1, 2. 

Observations.—To this species we refer a form with a hydro- 
caulus of slender habit, somewhat flaccid, few branches and with 
several long-conical hydrothecae attached at various angles. 
These forms show some alliance to the previous species. 
M. gracillimus. 

Occurrence.—No. 36458, Loc. 3 K.E., gully 9 chains from 
junction with mam gully near south-eastern corner of allotment 
3j; No. 35459, Loc. 4 K.E., 1 chain upstream from Loc 3 
allotment 3j ; No. 35491 (plesiotype), 35492, 35496, Loc. 5 K.eV 
dam 1 ^ c 'l a " ls f ro,n junction of gullies, allotment 3j- No' 
359/1, Loc. 8 K.E about 5 chains north of gully between allot¬ 
ments 5 and 3j; all in Parish of Knowsley East. No 38075 
Loc. 1, Redcastle. 
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Mastigograptus circinalis Ruedemann. 

(PI. XV., fig. 19; pi. III., fig. 20.) 

Dendrograptus sp. Ruedemann 1901, p. 528. 

Mastigograptus circinalis Rued. 1908, p. 221, pi. x., fig. 3; pi. xii., 
figs. 7, 8. 

Observations.—The base of the stipe in one of the present 
specimens is somewhat thickened and immediately gives rise to 
four branches which are contorted and reverted. The thecae, are 
represented by short cups partly immersed in the branch, and 
by short spinous structures. A second specimen found in this 
series is more typical in having thinner branches which are more 
regularly curved, 

The type of this species was described from the Utica Shale, 
near Albany, New York. 

Occurrence.—Nos. 35245 and 35248 (plesiotypes) from 
Archaeocryptolaria beds, type locality, 2 miles east north-east of 
North Monegeeta. 

Mastigograptus arundinaceus (J. Hall). 

(PI. XVI., fig. 21.) 

Graptolithus arundinaceus J. Hall, 1847, vol. 1, pi. lxxiv., figs. 8, Sa. 

Dicranograptus arundinaceus J. Hall, 1868, p. 227. 

Dendrograptus arundinaceus Gurley, 1896, vol. 4, p. 84. 

Mastigograptus arundinaceus (J. Hall) Rued. 1908, p. 221, pi. xii., 
fig. 6, and woodcut fig. 119. 

Observations.-—Along with numerous more or less fragmentary 
specimens there is one very distinct example of the above species, 
which is here figured. It agrees in all essential particulars of 
hab,t, size, and thecal structure, with the form figured by Ruede¬ 
mann in his Memoir, Pt. II., 1908, pi. xii., fig. 6. 

M. arundinaceus was originally described from the Utica Shale, 
Turin, Lewis Co., New York. 

Occurrence.—Nos. 35240, 35241, 35242, 35267 (plesiotype), 
from Archaeocryptolaria beds, type locality, 2 miles east north¬ 
east of North Monegeeta. 

Gen. Protohalecium nov. 

Generic Characters.—Hydrocaulus formed of stem having 
shallow cups (hydrothecae) on stalks. This pedunculated 
character of the cups shows a structure in common with the 
living Calyptoblastid, Halecium of Oken (1815). The living 
genus Halecium is typical of Southern seas, and rarely found 
in the North Atlantic. 


204 


F. Chapman and D. E. Thomas: 


Protohalecium iiallianum gen. et. sp. nov. 

(PI. XVI., fig. 22.) 

Specific Characters.—Hydrocaulus comparatively short, stem 
repeatedly branches, but not so frequently as in the living genus 
Halecium. The branches are divided at moderately short 
intervals by internodes with shallow constrictions, and are some¬ 
times sharply deflexed. The terminals of the swollen branches 
bear hydrothecae with, in some cases, indications of filamentous 
processes; these may he impressions of tentacles. 

Dimensions.—Height of hydrocaulus 5 mm.; greatest width of 
stem 0.4 mm.; width of branches 0.3 mm.; length of hydrothecae 

1.8 mm. 

Observations.-—The mode of branching bears resemblance both 
to that of Halecium flexile Allman, a living Fuegian and South 
African form, and to Halecium tclescopicum Allman, found at 
Fort Jackson, N.S.W. The holotype shows a grouping of from 
three to five elongate ? hydrothecae at two terminals of the 
secondary branches. This species is named after the late Dr. 
T. S. Hall, M.A., who first examined these hydroid remains. 

Occurrence.—No. 35972 (holotype), Loc. 8 K.E., 5 chains 
north of gully between allotments 5 and 3j, Parish of Ivnowsley 
Fast. 


Gen. Chaunograptus J. Hall 1888. 
cf. Chaunograptus gemmatus Ruedemann. 

(PI. XVI., fig. 23.) 

Chaunograptus gemmatus Ruedemann 1908, pp. 226, 227, pi. x., fig. 11; 
pi. xi., figs. 6 , 7 , woodcut p. 227. 

Observations.—The specimen here referred to Chaunograptus 
agrees in the habit of the hydrocaulus. In the present example 
it consists of two branches attached to a short stem. It is beset 
at fairly wide intervals with short narrow-triangular thecae and 
an occasional larger broadly triangular or bottle-shaped one, 
which may he regarded as a gonotheca. 

Dimensions.—Length of specimen 23.5 mm.; width of stipe at 
base of branch 1.3 mm.; average length of thecae 1.5 mm.; 
length of gonotheca 3 mm. 

Occurrence.—No. 35263 (plesiotype) from Archaeocrypto- 
laria beds, type locality, 2 miles east north-east of North 
Monegeeta. The type of Chaunograptus gemmatus was 
described from the Utica Shale of Herkimer Co., New York, 
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Gen. Sphenoeeium nov. 

(Ncn mat. Sphenothallus Chapm. 1917 non J. Hall 1848). 

Generic Characters.—Hydrocaulns with short stipe or pedicle 
with wedge-shaped hydrothecae arranged radially or serially. 

(Note. —Comparative evidence between the described fossil 
algae from the Hudson River series referred by J. Hall to 
Sphenothallus angustijolius (Hall 1847, p. 261, pi. Ixvii., fig. 1), 
and the Heathcote specimens described by Chapman (1917, 
p. 92, pi. vi., fig. 1 ), shows them to he distinct in point of size 
and in the shape of the organism. 

1 he Victorian specimens ai _ e here referred to hydroids judging 
from the thecal character of the attached structures, and not to 
algoia organisms. The genus Sphenoeeium shows affinity to 
CheunogrOptus especially in its thecal characters. 

Sphexoecium filicoides (Chapman). 

(PI. XVI., fig. 24.) 

Sphenothallus filicoides Chapman 1917, p. 92, pi. vi., fig. 1. 

Original Description.— ‘Frond (hydrocaulus) thin, with axis 
slightly differentiated from branches. Branches on leaflets 
elongated, sui ovate to wedge-shaped, thickened in median area 
by a rounded midrib. Length of specimen about 12 mm.; basal 
leaflets from 4 to 7 mm. in length.” 

Observations.—This species occurs frequently in the red shales 
of Knowsley Last. It is unknown in the black shales of Mone- 
geeta, where, however, it is replaced by the species next described, 
G. discoidalis. Some of the hydroids referred to Sphenoeeium 
are of more extensive growth than shown in the type specimen. 
'1 he plesiotype now figured shows the stipe to have been flaccid, 
with the thecae either sessile or attached by slender pedicles. 
The hydrothecae are conical and outwardly curved. In some 
cases the aperture is clearly seen as with a circular boundary. 
Some of the thecae are swollen in the central part of the cup 
and these probably represent gonotbecae. The thecal surface 
is often covered with a fine reticulum. 

Dimensions of Rlesiotype.—Length of hydrocaulus 15 mm.: 
length of thecae 2.8 mm.; width of thecae at aperture 1.3 mm. 

Occurrence.'—Nos. 174 (plesiotype), 177, 178, 188 (Report by 
1 • S. Hall, 27.7.02), and 36030, Loc. 2 K.E., gully north of road 
forming south boundary, allotment 3j : No. 35277, allotment 3i.; 
No. 35281, allotment 3 q ; all in Parish of Knowsley East. 

Sphenoecium discoidalis sp. nov. 

(PI. XVI., fig. 25.) 

Description of Holotype,—Hydrocaulus composed of short 
stipes bearing stout conical thecae; these are grouped more or 
less radially around a central base. The thecae terminate at about 
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thes same distance from the stipes, so that the hydrocaulus has 
a discoidal appearance. The hydrothecae are elongate, conical, 
often with a slight twist; others, which may be gonothecae, are 
short, conical, and with a swollen termination like an attenuated 
fig. When examined under a moderately high power the base 
of the hydrocaulus is seen to have a definite polygonal outline 
with a central circular ring; from this base the stipes emerge 
somewhat irregularly and rapidly widen. 1 he structure of the 
base is made distinct by the development of lines of minute 
pyritous crystals in the fine black shaly matrix, which follow 
the boundaries of the once chitinous epidermis. 

Dimensions of Holotype.—Greatest diameter of hydrocaulus 

9.5 mm.; approximate length of stipe to junction of hydrotheca 

2.5 mm.; average length of hydrotheca 2 mm.; diameter of theca 
at mouth 0.88 mm. 

Observations.—This form is distinguished from Sphenoedum 
filicoides in the more regularly radial arrangement of the hydro¬ 
caulus, the latter having the stipes arranged in a roughly biserial 
way from near its base. Specimens of S. discoidalis. with one 
exception, are confined to the black shales of Monegeeta where 
the original epidermal envelope is often well seen as a replace¬ 
ment in ? guembelite and pyrites. 

Occurrence.—No. 35971, Loc. 8 K.E., 5 chains north of gully 
between allotments 5 and 3j, Parish of Knowsley East. Nos. 
55256 (holotype), 35247, 35251, 35262, 35266, 35272, 35273, 
from Archaeocryptolaria beds, type locality, 2 miles east north¬ 
east of North Monegeeta. 


Earn. IDIIDAE. 

In this family, the hydrothecae are adnate to the hydrocaulus. 
The coenosarc is divided into segments, which form two 
longitudinal series of intercommunicating chambers, each of 
which corresponds to a hydranth, with the gastral cavity of which 
it is continuous. (See Allman, G. J., 1888, p. 82.) 

Gen. Cactograptus Ruedemann 1908. 

Ruedemaun states of this genus (1908, p. 196) that “the 
principal difference from both Acanthograptus and Inocaulis 
rests in the character of the ‘ spines,’ which, as a comparison of 
the enlargements of the genotype with those of the genera here 
adduced will show, are not finger-shaped and bearing apertures 
on all sides as in Acanthograptus and Inocaulis, but tubular, 
bluntly triangular in outline and of the form of large, simple 
thecae or ‘ denticles.’ The broad middle portion of the branches 
is as shown by the many parallel thecal walls composed of 
numerous thecal tubes as in Inocaulis and Acanthograptus.” 
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Cactograptus crassus Ruedemann. 

(PI. XVI, figs. 26-28.) 

Cactograptus crassus Ruedemann 1908, pi. viii, fig. 1, text-figs. 99-101. 

Observations.—This striking species is abundant in the black 
shales of Monegeeta. The plesiotype (No. 35222) shows the 
branching habit of this species more distinctly than in Ruede- 
mann’s holotype. In the Monegeeta examples the thickest part 
of the stem measures ,3 mm., and this generally agrees with 
Ruedemann's types. Occasional circular openings near the 
spinose. part of the thecae also support the evidence for its 
relationship with the above species. The general structure of 
the hydrocaulus of Cactograptus crassus with its adnate hydro¬ 
thecae, leaves little doubt that it has a near affinity with Idia 
pristis Lamarottx (cf. Allman, G. J., 1888, p. 85, figs. 1-10), a 
recent species living in Philippine Seas (20 fathoms), and also 
dredged from Australian waters from 9 to 27 fathoms (cf. Bale, 
1884, p. 114). A close examination of the Victorian fossil here 
referred to Cactograptus crassus, shows traces of urn-shaped 
gonothecae with longitudinal flutings, as in Idia pristis Lamaroux, 
a structure not shown, however, in Ruedemann s drawings. 

Occurrence.—No. 35301, Loc. 2 K.E., gully just north of road 
forming southern boundary, allotment 3j ; Parish of Knowsley 
East. Nos. 35220 (plesiotype), 35221, 35222 (plesiotype), 
33223, 35224 (plesiotype), 35225, and cf. 25252, from Archaeo- 
cryptolaria beds, type locality, 2 miles east north-east of North 
Monegeeta. 


Cactograptus flexispinosus sp. nov. 

(PI. XVII, figs. 29-33.) 

Description of Holotype.—Hydrocaulus long, somewhat slender 
compared with C. crassus, but with adnate hydrothecae set at a 
more acute angle than in that species. Spines on edge of hydro- 
tnecae much longer and often recurved. 

Dimensions of Holotype.-—Length of hydrocaulus 42 mm.; 
width of stipe at base 3.75 mm. 

Observations.-—The paratype (No. 35247) shows the hydro- 
tnecae to be. larger, more regularly spaced and wider than in the 
holotype. in a second paratype (No. 35233) the hydrocaulus 
is once branched, and much more slender than in the foregoing 
examples; it may represent a terminal fragment. A third 
paratype (No. 35254) has a slender hydrocaulus; the hydro¬ 
thecae are evenly spaced, whilst near the apex they are swollen 
at their bases, thus suggesting a gonothecal character. The 
epidermal structure of the hydrocaulus shows it to be areolately 
marked. This handsome species is generally distinguished by 
the more flaccid character of the hydrocaulus and the presence 
of slender spinose terminations of the hydrothecae. 
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Occurrence.—Nos. 35222, 35226 (holotype), 35227, 35232, 
35253 (paratype), 35243, 35246, 35247 (paratype), 35254 (para- 
type), 35260, 35268, 35271, and 35273, also specimen in Univer¬ 
sity of Melbourne collection (paratype), (Reg. No. 1593) from 
Archacocrxpiolaria beds, type locality, 2 miles, east north-east 
of North'Monegeeta. Nos. 35459, 35460, 35461, Loc. 4 K.E.. 
1 chain upstream from Loc. 3, allotment 3j, Parish of Knowsley 
East. 

Cactograptus plumicekus sp. nov. 

(PI. XVII., fig. 34.) 

Description of Holotype.-—Hydrocaulus flaccid in appearance, 
undulate in line of growth. Hydrothecae closely arranged on 
stipe at a moderately acute angle. Margin of cups truncate, 
with a short blunt spine, especially in those near the end of the 
stipe. The hydrothecae are recurved, gradually expanding and 
much longer than in the previously mentioned species. Gono- 
thecae are represented by shorter and broader cups set at a 
wider angle on the stipe. 

Dimensions of Holotype.—Length of stipe 47 mm.; greatest 
width 4 mm. 

Observations.—At first sight this handsome species might be 
taken for a closely thecated form of Mastigograptus monegettas , 
but the equal length of the hydrothecae and their evenly curved 
and adnate character makes its reference to Cactograptus certain. 

Occurrence.—Nos. 35242, 35243 (holotype)*, 35253 from 
Archaeocryptolar ia beds, type locality, 2 miles east north-east of 
North Monegeeta. 

Gen. Acanthograptus Spencer 1884. 

this genus is stated to range from the Cambrian (St. Law¬ 
rence formation) to the Silurian (Niagaran formation). It 
appears to be closely related to Cactograptus on account of the 
adnate hydrothecae. Wiman places Acanthograptus in the order 
Dendroidea and finds structure which he regards as dissepi- 
mental, although Spencer, the author of Acanthograptus, mentions 
spines or denticles only on one side of the branches. The 
hydrothecae in the present examples more closely resemble those 
of Acanthograptus, sensu stricto, and Inocaulis. 

Acanthograptus candelabrum sp. nov. 

(PI. XVII., figs. 35, 36.) 

Description of Holotype.—Hydrocaulus with a thickened basal 
stipe which soon flexuously branches; these are either opposite 
or alternate. The extended stipe and branches bear short 
cylindrical and adnate hydrothecae occasionally bispinose and of 
irregular size; swollen at base, with an occasional larger conical 
gonotheca. The concave or incurved branches suggest the trivial 
name. 
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Dimensions of Holotype.—-Length of entire hydrocaulus 28 
mm.; width of stipe at base 2.25 mm.; length of hydrothecae 
circ. 1 mm. 

Observations.—The plesiotype, which has an approximate 
length of 30 mm., only shows traces of the hydrothecae near the 
base of the stipe, but the general form compares very closelv 
with the holotype. 

Occurrence.—No. 35269 (holotype) from Archaeocryptolaria 
beds, type locality, 2 miles east north-east of North Monegeeta. 
No. 184 (paratype), (Report by T. S. Hall. 27.7.02), Parish of 
Knows ley Last. 


Lam. DENDROGRAPTIDAE. 

Gen. Thallograptus Ruedemann 1925. 

Thallograptus cf. succulentus (Ruedemann). 

(PI. XVII., figs. 37, 38.) 

Dendograptus ? succulentus Ruedemann 1904, p. 581, pi. iv., figs. 1-4. 
text-figs. 16, 17. 

Thallograptus succulentus (Rued.) 1925, p. 36. 

Description of First Plesiotype (No. 35288).—This example 
is portion of a rhabdosome consisting of a solitary stipe, with 
tairly regular branchlets numbering 5 to 7, arranged nearly 
opposite to one another and openly curved upwards. The main 
stem or branch shows vestiges of thecae at the nodes of the 
lateral branches. This somewhat incomplete specimen most 
nearly resembles a portion of the rhabdosome figured by Ruede¬ 
mann 1904, pi. 4, fig. 3. 

Description of Second Plesiotype (No. 35248).—The rhabdo¬ 
some in this specimen is more flexuous and therefore more 
typical of the above species. The basal part of the stipe has 
the characters seen in No. 35228, but soon branches and becomes 
more irregular. In this way it more closely resembles the 
figures given by Ruedemann 1904, pi. 4, figs. 1, 2. 

Dimensions of First Plesiotype.—Length of rhabdosome 
13 mm.; thickness of stipe at base 0.88 mm.; greatest length of 
lateral branches 3 mm. 

Dimensions of Second Plesiotype.—Length of rhabdosome 
24 mm.; thickness of stipe at base 0.88 mm. 

Observations.—This species has been recorded from the Chazy 
formation of New York State, zone of Diplograptus, equivalent 
to Lower Llandeilo series, so that if the specific reference is 
correct, the present occurrence is from a much lower horizon. 

Occurrence.—Nos. 35228 (plesiotype). 35229. 35248 (plesio- 
type), from Archaeocryptolaria beds, type locality, 2 miles east 
north-east of North Monegeeta. 
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Explanation of Plates. 

Plate XIV. 

Fig. 1 .—Archctcocryptolaria recta Chapman. N. Monegeeta. Holotype in 
National Museum, Melbourne. Reg. No. 1311. X 5-3. 

Fig. 2 .— A. recta Chapman var. flc.vilis var. nov. N. Monegeeta. Holo¬ 
type of var. in Victorian Mines Dept., N. 35262. X 2. 

Fig. 3.— A. skeatsi Chapman. N. Monegeeta. Plesiotype. V.M.D., No. 
35250. XU. 

Fig. 4.— A. flabelloidcs sp. nov. N. Monegeeta. Holotype. V.M.D. No. 
35264. X 2. 

Fig. 5 .—Archaeolafnca longicornis Chapman. Parish of Knowsley East, 
Heathcote. Plesiotype- V.M.D. No. 3S296. X 2. 

Fig. 6.— A. monei/ctlac (Chapman). N. Monegeeta. Plesiotype. V.M.D. 
No. 35233. X 2. 

Fig. 7.— A t moneqettae (Chapman). N. Monegeeta. Plesiotype. V.M.D. 
No. 35250. X14. 

Fig. 8.— A. monegeitae (Chapman). N. Monegeeta. Plesiotype. V.M.D. 
No. 35261. X 5-3. 

Fig. 9.— A. serialis sp. nov. P. of Knowsley East, Heathcote. Holotype. 
V.MD. No. 177. X 2. 

Fig. 10.— A. serialis sp. nov. P. of Knowsley East, Heathcote. Paratype. 
V.M.D. No. 178. X 14. 

Fig. 11.— A. serialis sp. nov. N. Monegeeta. Paratype. V.M.D. No. 
35239. X 2. 


Plate XV. 

Fig. 12.— A. serialis sp. nov- N. Monegeeta. Paratype. Specimen in 
University of Melbourne Collection. Reg. N. 1591. X 2. 

Fig. 12a. —At serialis sp. nov. Same specimen drawn in relief by camera 
lucida, showing intergrowth of thecal tubes. X 8. 

Fig. 12b. — A. serialis sp. nov. Ditto. A microphotograph showing wall of 
the hydrosome in relief. X 25. 

Fig. 13.— A. fruticosa sp. nov. N. Monegeeta. Holotype. V.M.D. No. 
35253. X 2. 

Fig. 14.— A. fruticosa sp. nov. P. of Knowsley East, Heathcote. Paratype. 
V.M.D. No. 35970. X 2. 

Fig. 15.— A. fruticosa sp. nov. P. of Knowsley East, Heathcote. Para¬ 
type. V.M.D. No. 35978 X 5-4. 

Fig. 16.— A. fruticosa sp. nov. P. of Knowsley East, Heathcote. Paratype 
V.M.D. No, 35982. X 2, 

Fig. 17 .—Mastujograptus cf. gracillimus (Lesquereux). P. of Knowsley 
East, Heathcote. Plesiotype. V.M.D. No. 7946. X 14. 

Fig. 18.— M. tenuiramosus (Walcott). P. of Knowsley East, Heathcote. 
Plesiotype. V.M.D. No. 35491. X 2. 

Fig. 19.— M. circinalis Reudemann. N. Monegeeta. Plesiotype V-M D 
No. 35245. X 2. 
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Plate XVI. 

Pig. 20— M. circinalis Reudemann. N. Monegeeta. Plesiotype. V.M.D. 
No. 35248. X 2. 

Fig. 21.— M. anmdimccus (J. Hall). N. Monegeeta. Plesiotype. V-M.D. 
No. 35267. X 31. 

Pig. 22 —Protohalecium hallianum gen. et. sp. nov. P. of Knowsley East, 
Heathcote. Holotvpe. V.M.D. No. 35972. X 2. 

Fig. 23.—cf. Chaunograptus gcmmatus Ruedemann. N. Monegeeta. Plesio¬ 
type. V.M.D. No. 35263. X 2. 

Fig. 24 .—Sphcnoecimn fide aides (Chap.). P. of Knowsley East, Heath¬ 
cote. Plesiotype. V.M.D. No. 174. X 2. 

Pig. 25.—S'. discnidalis sp. nov. N. Monegeeta. Holotvpe. V.M.D. No. 
35236. X 2. 

Pig. 26 .—Cactograptus crassus (Ruedemann). N. Monegeeta. Plesio¬ 
type. V.M.D. No. 35220. Circ, nat. size. 

Fig. 27.— C. crassus (Ruedemann). N. Monegeeta. Plesiotype. V.M.D. 
No. 35222. X 2. 

P'ig. 28:— C. crassus (Ruedemann). N. Monegeeta. Plesiotype. V.M.D. 
No. 35224. Circ. nat. size. 


Plate XVII. 

Pig. 29.— C. flexispinosus sp. nov. N. Monegeeta. Holotype. V.M.D. No. 
35226. X li. 

P'ig. 30.— C. flexispinosus sp. nov- N. Monegeeta. Paratype. V.M.D. No. 
35233. X li. 

Fig. 31.— C. flexispinosus sp. nov. N. Monegeeta. Paratype. V.M.D. 
No. 35247. X 2. 

Fig. 32.— C. flexispinosus sp. nov. N. Monegeeta. Paratype. V.M.D. 
No. 35254. X 4. 

Fig. 33.— C. flexispinosus sp. nov. N. Monegeeta. Paratype. Specimen 
in University of Melbourne Collection. Reg. No. 1593. X li. 

P'ig. 34 —Cactnaraptus plumigerus sp. nov. N. Monegeeta. Holotype 
V.M.D. No. 35243. X 5-3. 

Fig. 35.— Acanthograptus candelabrum sp. nov. N. Monegeeta. Holotype. 

V.M.D. No, 35269. X 2. 

Fig. 36— A. candelabrum sp. nov. P. of Knowsley East, Heathcote. Para¬ 
type. V.M.D. No. 184 X 2. 

Fig. 37 .—Thallographis cf. succvlcntus (Ruedemann). N. Monegeeta. 
Plesiotype. V M.D. No. 35228. X 2. 

Fig. 38— T. cf. succulcntus (Ruedemann). N. Monegeeta. Ples : otype. 
V.M.D. No. 3 248. X 2. 
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Bothriolepis, 165. 

Brachychiton, 68. 
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Chapman, F., 193. 
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Chelidozoum ves-pertilio, 44. 
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Citrus, Brown Rot of, 96. 

Clavlporella longicollis, 31; angusta, 32; 
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Coul3on, Alan, 1. 
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Devonian Fishes, 161. 

Dipnoan, 166. 

Dipnorhynous, 161. 

Dipterus, 166. 

Discocyclina pratti, 59; douvlllei, 60; 
dispansa, 60. 
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Ditaxipora, 40, 46. 

Ditaxiporina, 46. 

Ecological Studies in Victoria, 172. 

Edwards, A. B., 13. 

Eocene Limestones, 55. 

Errata (Part 1.), 78. 

Eucalyptus Kifcsoni, 71. 

Fomes Clelandi, hemitephrus, robustus, 105. 
Foraminiferal Limestones, 55. 

Ganoderma aplanatum, 105. 

Gaseous Transfer, 22. 

Giant Granites, 124. 

Granite of the You Yangs, 124. 

Grieve, B. J., 79, 86. 

Heathcote Hydroida, 193. 

Hedycarya latifolia, 70. 

Hills, E. S., 50, 161. 

Hoette, Shirley, 90. 

Hydroida, Cambrian, 193. 


Iris, Soft Rot of, 86. 
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Keys to Basidiomycetes, 115. 

Liriozoa laevigata, 43. 

List of Members, 223. 

Lomatia Brownil, 69. 

McLennan, E. J., 96. 

Mastigograptus gracillimus, tenuiramosui, 202; 

circinalis, arundinaceus, 203. 

Mechanics of Basaltic Intrusion, 19. 

Members, List of, 223. 

Microstomaria tubulifera, 43. 

Monegctta, Hydroida, 193. 

-Nothofagus Maideni, Wilkinsoni, 68; Muelleri, 
Luehmanni, 71. 

Nummulinidae, 59. 


Olivine Basalt—Trachyte Provinces, 13. 
OpeTculina pyramidum, canalifera, 59. 
Orbitoididae, 59. 

Orbitolinidae, 57. 

Patton, R. T., 172. 

Pellatispira orbitoidea, 67; glabra, inflata, 
rutteni, 58. 

Persounia, 69. 

Petrogenesis, Theories of, 13. 

Petrology of You Yangs granite, 124. 
Phyllolepis, 164. 

Phytophthora citrophthora, hibemalls, 96; 

palmivora, 100. 

Piricularia grisea, 90. 

Pitting Disease of Bananas, 90. 

Podocarpus, 70. 

Polyporus anthracophilus, arcularlus, 105; 

gihus, rliipidum, versicolor, 106. 

Potatoes, Brown Rot of, 79. 

Proctor, Eunice M., 106. 

Protohalecium hallionum, 203. 

Pterocella alata, 27. 

Pyroxene Control in Differentiation, 17. 

Refshauge, Lyly, D., 105. 

Soft Rot of Iris, 86. 

Spaniodon elongatus, 50. 

Sphenoeciurn fllicoides, discoidalis, 205. 

Stach, Leo W., 27. 

Stenostomaria solida, 38. 

Sterculia, 67, 70. 

Stereum illudens, lobatum, veilereum, 105. 
Strychnos, 70. 

Strongylopora pulchella, 34; expansa, 8f> 
manmlata, 36; circumcineta, tenius, 37. 

Thallograptus succulentus, 209. 

Theories of Petrogenesis, 13. 

Thomas, D. E., 193. 

Trametes lilacino-gilva, ochroleuca, 106. 
Tristania, 69. 

Tristanites angustifolia, Muelleri, 69. 
Wood-destroying Fungi, 105. 


Xenoliths in You Yangs granite, 135. 


You Yangs, Petrology, 124. 
























































































































































































































































































































































































































































































